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FOREV/ORD 


At  present,   nore  than  half  of  the  water  supply  of  the  South  Coastal  area 
of  Southern  Ca].ifornia  is  furnished  by  water  from  the  ground  v/ater  basins 
of  the  area.      In  general,    extractions  from  these  basins  exceed  the  replen- 
ishment,  thus  resulting  in  the  decline  of  s^^ound  water  level  elevation. 
In  some  areas,   this  decline  has  caused   sea-v;ater  intrusion.     Unless  proper 
steps  are  taken,    lowering  of  ground  water  level  elevations  is  expected  to 
becoi^ie  ^rorse  because  of  increasing  future  vra,ter  demands. 

Many  local  water  leaders,    in  recognition  of  the  potentially  serious  nature 
of  the  decline  of  water  levels,    requested  that  detailed  information  be  pro- 
vided to  assist  them  in  overcoming,    or  at  least  alleviating,   the  detrimen- 
tal effects.      As  a  result  of  these   requests,    many  by  \Tay  of  formal 
resolutions,   the  Department  of  V/ater  Resources  formulated  a  comprehensive 
program  for  an  investigation  of  the  planned  utilization  of  major  ground 
v;ater  basins  of  Southern  California. 

Statutor;.-  authority  for  the  Department  to  conduct  investigations  of  sur- 
face and  underground  i-rater  conditions  is  contained  in  Section  226  of  the 
California  '..'ater  Code.      Item  262  of  the  Budget  Act  of  1959  delegates  broad 
authorit;'  to  the  Department  to  use  the  appropriation  "for  conducting  water 
resources  investigations,    surveys  and   studies,   preparing  plans  and  esti- 
mates,  mailing  reports  thereon,    and  othervri.se  performing  all  vrark  and  doing 
all  things  required  thereto   ...." 

The  general  objective  of  this  program  is  to  formulate  and  present 
ope rational -economic   information  on  a  wide  range  of  plans  that  will  assist 
local  agencies  to  achieve  the  maiciraum  utilization  of  ground  ^■.'ater  basins 
in  coordination  vri.th  surface  storage  and  transmission  facilities.     To  at- 
tain this  objective,   the  viork  program  for  each  area  of  the  investigation 
is  divided  into  three  phases:      geology,   hydrology,    and  operation-economics. 
The  first  two  phases  provide  the  basic   information  required  to  develop  a 
mathematical  model  of  a  ground  water  basin  that   simulates  the  basin's 
water  level  responses  under  various  assumed  plans  of  basin  operation.     The 
model  is  then  usee    in  the  operational-economic  phase  of  the  investigation 
to  determine  the  cost  of  operation.     The  results  of  this  phase  for  the 
Coastal  Plain  are  presented  in  this  appendix.     The  results  of  the  geologic 
and  hydro lOvgic  phases  have  been  reported  in  Appendixes  A  and  B.     The  bulle- 
tin,   v.'hich  is  to  follov;  soon,    '.-.'ill  pi-esent  the   suramarj''  of  results  of  all 
three  phases  of  the  investigation. 


/Arzi.0.-^^ 


William  E.  V,'arne,  Director 
Department  of  l.'ater  Resources 
The  Resources  ^Igency 
State  of  California 
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ABSTRACT 

This  appendix  presents  the  results  of  detailed  operational-economic  analyses  of  a  wide  range  of  plans 
for  utilizing  ground  water  resources  in  coordination  with  surface  water  resources  of  the  Coastal  Plain 
of  Los  Angeles  County.     /     The  plans  of  operation  studied  in  detail  include  both  those  that  require 
immediate  commencement  of  safe-yield  operation  of  the  ground  water  basins  and  those  that  permit  the 
deferment  of  safe-yield  operations  until  1991-     The  accumulated  ground  water  reduction  for  these  plans 
during  the  period  ranges  from  zero  to  1^,000,000  acre-feet.     /     The  results  of  those  studies  showed  that, 
from  the  local  point  of  view,   the  price  of  Imported  water  is  the  most  critical  variable  affecting  the 
economics  of  water  service  of  the  area.     /     Nomographs  are  provided  for  estimating  the  cost  of  water 
service  for  the  selected  plans  of  operation  under  any  combination  of  conditions  that  affect  the  pricing 
schedule  of  imported  water.     /     New  techniques  were  developed,    including  techniques  for  estimating  the 
amount  of  deep  percolation  to  the  ground  water  basins,   formulating  mathematical  models  of  primary  sur- 
face distribution  systems  and  ground  water  basins,   and  determining  the  most  economical  combination  of 
pumps  and  storage  tanks.     Details  of  these  techniques  and  tabulations  of  data  related  to  the  facilities 
and  costs  of  five  of  the  operational  plans  are  also  presented.     /     Foldout  plates  show  the   study  area, 
the  operational  and  economic   subareas,   existing  and  projected  primary  distribution  systems,   change  in 
ground  water  level  elevations  under  the  5  plans  of  operation  eind  the  amounts  of  extrtictions  under  these 
plans  of  operation,   and   storage  and  transmissibility  factors. 
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CHAPTER  I.   UTTRODUCTION 


The  existing  level  of  economic  development  in  the  Coastal  Plain  of  Los 
Angeles  County  can  be  attributed,  in  leirge  measure,  to  the  availability 
and  utilization  of  the  underground  water  resources  of  the  area.  Forvretrd- 
looking  leaders  in  local  water  management  agencies,  realizing  the  vital 
role  of  water  in  the  future  development  of  the  area,  have  undertaken 
projects  which  provide  for  replenishment  of  the  ground  water  basin  and 
prevention  of  saline  intrusion.  These  groups  have  also  actively  suppor- 
ted the  planning,  authorization,  and  construction  of  the  State  Water 
Project,  which  will  insure  the  continuing  availability  of  adequate  im- 
ported \mter  to  supplement  local  ground  water  supplies. 

Through  these  pioneering  activities — basin  replenishment  by  spreading  and 
injection,  axid  creation  of  freshwater  barriers  to  prevent  saline  intru- 
sion— local  agencies  have  acquired  a  wealth  of  experience  in  basin  manage- 
ment. However,  because  of  the  lack  of  knowledge,  especially  in  geology 
and  economics,  there  was  a  desire  for  more  knowledge  than  was  available. 
The  local  agencies  in  the  Coastal  Plain  of  Los  Angeles  County  requested 
and  helped  to  pass  a  budget  augmentation  through  the  Legislature  so  the 
Department  might  use  its  expert  knowledge  in  extending  the  accomplishments 
of  "local  pioneers"  and  future  water  requirements  could  be  met  most 
economically. 

Because  the  State  of  California  is  interested  in  providing  the  most  effec- 
tive water  plan,  effective  use  of  ground  water  is  considered  to  be  a  part 
of  the  California  Water  Plan.  From  this  point  of  view,  the  study  con- 
ducted for  the  Coastal  Plain  of  Los  Angeles  County  has  enjoyed  the  lime- 
light in  the  eyes  of  the  many  key  engineers  in  the  Depeirtment  of  Water 
Resources. 

The  area  (Plate  l)  encompasses  about  6C)0  square  miles.  About  U90  square 
miles  is  underlain  by  the  Central,  Hollywood,  Santa  Monica,  and  West  Coast 
ground  water  basins.  In  this  appendix, the  study  area  will  be  referred  to 
as  the  Coastal  Plain. 


Concepts  of  Planned  Utilization  of 
Ground  Water  Basins 

The  Department  of  Water  Resources  conducted  the  planned  utilization 
studies  reported  in  this  bulletin  under  the  presumption  that  all  institu- 
tional obstacles  would  be  overcome  and  that  the  necessary  institutional 
structure  would  be  made  available  to  implement  any  physically  possible 
plan  of  operation.  This  approach  makes  possible  the  formulation  and 
analysis  of  a  wide  range  of  plans,  with  specific  eciphasis  on  comprehensive 
operation  and  economic  aspects,  so  that,  in  the  future,  the  optimum  plan 
of  basin  operation  can  be  achieved.  Before  this  is  possible,  many  impor- 
tant legal  and  organizational  changes  will  be  required.  These  problems 


and  the  steps  involved  in  their  eventual  solution  are  being  evaluated  as 
the  final  phase  of  this  investigation. 

Planned  utilization  of  ground  water  hasins  involves  the  use  of  the  basins 
for  transmitting  and  storing  varying  portions  of  the  area's  water  supply- 
by  coordinating  these  transmission  and  storage  functions  with  man-made 
facilities,  such  as  reservoirs  and  pipelines,  to  meet  the  water  require- 
ments of  the  area.  It  also  connotes  the  optimum  utilization  of  these 
surface  and  ground  water  supplies.  In  arriving  at  the  most  efficient  and 
economical  plan  of  coordinated  operation,  many  complex  and  interrelated 
elements  must  be  considered.  These  include:   water  demands,  water  sup- 
plies, alternative  plans  of  operation,  physical  responses  of  ground  water 
basins  and  surface  distribution  systems,  cost  of  supply  facilities  and 
operations,  and  comparison  of  costs  of  various  plans  of  operation. 

The  most  significant  attributes  of  ground  water  basins  are  the  amount  of 
fresh  ground  water  in  storage,  the  basin  storage  capacity,  and  the  trans- 
missive  characteristics  of  the  basins.  Alternative  plans  of  operation 
must  be  studied  to  assure  the  optimum  use  of  these  attributes  to  satisfy 
the  physical  demands  for  water.  At  extreme  ends  of  the  operational  spec- 
trum, these  demands  could  be  met  with  selected  amounts  of  water  delivered 
through  either  man-made  surface  facilities  only,  or  through  the  natural 
ground  water  basin.  Between  these  two  extremes,  local  and  imported  water 
supplies  could  be  delivered  to  water  users  by  many  possible  systems  which 
would  use  surface  facilities  combined  with  the  ground  water  basins. 

Before  defining  the  coordinated  operation  of  ground  water  basins,  the 
analogy  between  physical  characteristics  of  the  ground  water  basins  and 
surface  distribution  systems  should  be  emphasized.  The  rate  of  deep  per- 
colation and  subsurface  inflow  into  the  ground  water  reservoir  is  equiva- 
lent to  the  rate  of  inflow  into  the  surface  reservoirs.  The  storage 
capacity  of  the  ground  water  basins  is  comparable  to  the  storage  capacity 
of  the  surface  reservoirs.  The  transmissive  characteristics  of  the  aqui- 
fers of  the  ground  water  basins  may  be  compared  to  the  delivery  charac- 
teristics of  the  distribution  system.  Finally,  the  piezometric  pressure 
and  ground  water  table  in  the  ground  water  basins  sire  analogous  to  the 
hydraulic  grade-line  elevations  in  the  surface  distribution  system.  Using 
equations  that  numerically  describe  the  flow  characteristics  of  ground 
water  basins  and  surface  distribution  networks,  it  is  possible  to  calcu- 
late and  integrate  capabilities  of  these  water  delivery  media  to  meet  the 
physical  objectives  of  the  investigation. 

To  meet  physical  demands  for  water  satisfactorily,  facilities  must  be 
provided  in  such  a  way  that  the  largest  flow  rate  requirement  is  satis- 
fied at  all  locations  at  required  pressures.  This  provision  insures  that 
all  lesser  flow  rate  requirements  are  satisfied.  Then,  in  brief,  a  study 
of  the  coordinated  operation  of  the  ground  water  basins  may  be  considered 
as  determining  the  changing  requirements  for  surface  and  ground  water  sup- 
plies and  facilities  to  meet  the  largest  flow  rate  requirement  of  each 
year  and  the  associated  cost  of  those  supplies  and  facilities,  including 
maintenance  and  operation  costs. 
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LogiceLL  selection  of  the  scheme  of  operation  to  be  implemented  requires 
that  the  relative  costs  of  each  scheme  of  operation  be  known.  Further, 
these  costs  must  be  determined  in  such  a  way  that  all  of  the  items  that 
affect  the  total  cost  associated  with  meeting  total  water  demands  are 
considered. 

Because  the  water  demand  of  the  Coastal  Plain  is  met  by  the  use  of  both 
imported  water  and  locally  pumped  ground  water,  chaj3ges  in  the  use  of 
locally  pumped  ground  water  necessarily  affect  the  amount  of  imported 
water  required.  At  the  same  time,  capacities  of  facilities  for  deliver- 
ing imported  water  through  the  surface  system  also  affect  the  capacities 
of  pumping  and  storage  facilities  required  for  regulating  the  water  sup- 
plies to  meet  the  fluctuating  water  demand.  The  cost  of  operation 
depends  on  the  number  and  type  of  facilities  provided,  the  manner  of 
operating  these  facilities,  and  the  amounts  of  water  used  both  from  im- 
ported and  ground  sources. 


Objective  and  Scope  of  Investigation 

The  objective  of  the  investigation  of  Planned  Utilization  of  Ground  Water 
Basins,  Coastal  Plain  of  Los  Angeles  County,  was  to  develop,  analyze, 
compare,  and  publish  operationaJL-economic  information  on  the  present 
plein  of  operation  and  on  a  wide  range  of  plans,  to  be  used  as  a  guide  by 
local  agencies  for  managing  the  ground  water  basins  in  the  Coastsil  Plain 
in  coordination  with  surface  storage  and  transmission  facilities.  These 
pleuis  were  designed  to: 

1.  Meet  the  increasing  and  fluctuating  future  water  demands 
of  the  area  with  local  and  imported  water  supplies  at  the 
lowest  overall  cost  to  the  local  area. 

2.  Affect  economical  conservation  and  optimum  use  of  locally 
available  surface  cuad  ground  water  supplies. 

3.  Correct  or  minimize  the  undesirable  effects  of  overdraft. 

The  study  was  conducted  under  the  presumption  that  all  legal  obstacles 
could  and  would  be  overcome  gind  that  the  necessary  management  organiza- 
tion would  be  made  available  to  implement  any  physically  possible  plan  of 
operation.  Therefore,  only  the  operational  and  economic  factors  were 
considered  in  the  study.  Other  factors  which  might  be  of  importance  to 
those  local  agencies  having  decision-making  authority  were  not  evaluated 
in  this  phase  of  the  investigation.  These  factors,  however,  Eire  being 
considered  and  will  be  included  in  the  main  text  of  this  bulletin. 

The  study  of  the  Coastal  Plain  of  Los  Angeles  County  was  detailed  and 
comprehensive  but  is  considered  to  be  at  the  reconnaissance  level.  For 
each  year  up  to  1990,  water  demand,  water  supply,  required  facilities, 
the  physical  reeictions  of  both  surface  and  subsurface  systems,  eind  cost 
were  determined  and  carefully  analyzed  to  evaluate  annual  variation  in 


the  operational  and  economic  effects  of  various  schemes.  The  study 
period,  between  I963  and  1990*  was  selected  because  the  State  Water 
Project  aqueduct  fgicilities  that  will  import  additional  water  supplies 
to  Southern  Csilifomia  have  been  sized  to  meet  the  area'  s  1990  water 
demands,  thus  assuring  a  firm  supplemental  water  supply  to  the  CoastauL 
Plain  to  meet  its  growing  demand  for  water.  Further,  it  was  considered 
that  a  detailed  year -by-year  study  beyond  1990  was  unwarranted  because 
no  information  was  available  about  water  projects  to  be  constructed  to 
meet  the  water  needs  of  the  area  beyond  1990.  To  make  the  study  even 
more  meaningful,  economic  analyses  for  selected  schemes  were  extended 
beyond  1990  to  perpetuity. 

Fifty-eight  alternative  plans,  encompassing  a  wide  range  of  possible 
methods  of  operating  the  ground  water  basins  in  the  study  area,  were  in- 
vestigated. Detailed  operational  and  economic  information  was  developed 
under  assximed  conditions  affecting  the  cost  of  water  services.  In  recog- 
nition of  the  fact  that  these  conditions  will  change  in  the  future,  the 
effects  of  changes  on  the  cost  of  water  service  were  analyzed. 


Conduct  of  Investigation 

The  study  area  was  divided  into  10  operational  and  economic  subeireas  to 
evaluate  better  the  physical  and  economic  effects  of  various  schemes  of 
ground  water  basin  operation  on  these  subareas.  The  operational  area 
breeiMown  was  used  for  physical  evaluation  of  various  alternative  plans 
of  basin  operation  and  the  economic  area  breakdown  was  used  for  economic 
evaluation  of  the  plans.  The  operational  area  breakdown  shown  on 
Plate  2  was  governed  by  geologic  and  hydrologic  charsicteri sties  of  the 
area,  the  method  of  operation  of  the  ground  and  surface  water  facilities. 
The  economic  area  breakdown  was  governed  primarily  by  water  service  area 
boundaries. 

To  simplify  the  economic  analyses,  the  area  served  by  the  City  of  Los 
Angeles  Department  of  Water  and  Power  (Plate  2),  which  occupies  parts  of 
many  operational  areas,  was  deleted  from  all  operational  areas  except 
operational  area  3*  and  the  entire  area  served  by  the  City  of  Los  Angeles 
was  referred  to  as  economic  area  3^  Also,  the  area  served  by  the  City  of 
Whittier,  which  was  found  to  be  common  to  all  plans  of  operation,  was 
taken  out  of  operational  area  5  and  handled  independently;  the  remaining 
area  was  referred  to  as  economic  area  5«  The  remaining  portions  of  other 
operational  areas  were  also  referred  to  as  economic  areas,  but  the  same 
numbers  were  retained  for  identification. 

In  this  phase  of  the  Coastal  Plain  investigation,  data  developed  in  the 
earlier  geologic  and  hydrologic  phases  were  utilized  extensively.  Data 
on  aquifers  and  transmissive  and  storage  characteristics  of  these  aqui- 
fers were  used  to  develop  a  mathematical  model  of  the  ground  water  basins 
of  the  Coastal  Plain.  Hydrologic  information,  including  data  on  deep 
percolation  of  precipitation  and  applied  water,  was  used  to  verify  the 
mathematicEil  model.  In  addition,  past  data  on  water  requirements  were 
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used  in  projecting  future  applied  water  demands  and  in  estimating  future 
water  supplies  to  ground  water  basins;  and  the  data  on  past  deep  percola- 
tion of  precipitation  and  applied  water  were  used. 

For  the  study  of  the  operation  of  the  ground  water  basins  in  coordination 
with  the  surface  storage  and  transmission  system,  operational  information 
was  obtained  from  a  large  number  of  major  water  agencies  in  the  area.  In 
Eiddition,  available  technical  literature  was  perused  for  methods  and 
techniques  of  conducting  a  study  of  this  type.  However,  it  was  fovmd 
that  previous  investigators  had  not  presented  any  method  or  techniques 
that  met  the  needs  of  these  studies.  Therefore,  original  procedures  were 
developed  to  complete  the  study.  Some  of  the  approaches  that  have  been 
developed  and  incorporated  in  these  studies  are: 

1.  Simulation  of  hydraulic  responses  in  the  basins  by  a 
mathematical  model  on  a  digital  computer. 

2.  Determination  of  maximum  delivery  capacities  of  pipeline 
networks. 

3.  Determination  of  the  most  economical  combination  of 
pumping  and  storage  facilities. 

h.     Determination  of  the  relationship  between  flow  rates  fixjm 
storage  and  storage  volume  requirements. 

5.  Determination  of  facilities  required  for  coordinated 
operation  of  surface  and  subsurface  facilities. 

The  general  steps  taken  in  the  investigation  of  planned  utilization  of 
ground  water  basins  are  shown  as  a  simplified  flow  chart  in  Figure  1. 
This  chart  gives  the  general  sequence  and  relationship  of  contributing 
studies,  some  conducted  concurrently,  but  all  providing  essential  infor- 
mation for  succeeding  steps.  Similar  information  is  presented  in  greater 
detail  in  Plate  3. 

Figure  1  shows  that  the  basic  information  that  was  directly  used  in  the 
operational-economic  phase  was  obtained  in  the  geologic  and  hydrologic 
phases.  Historical  water  supply,  use,  and  disposal  data  were  used  to 
estimate  the  future  water  supply  and  the  deep  percolation  of  this  water 
supply.  Future  water  demands  were  determined  on  the  basis  of  studies  of 
historical  water  delivery,  projected  population  growth,  and  the  unit 
applied  water  use  factor  of  the  area.  Alternative  plans  were  made  to 
evaluate  relative  merits  of  various  schemes  of  using  the  surfgice  and 
ground  water  resources. 

A  mathematical  model  of  the  distribution  system  was  also  developed  and 
subsequently  used  for  estimating  the  maximum  delivery  capacity  of  the 
distribution  system,  under  the  condition  in  which  proper  pressures  sire 
provided  at  control  structures  emd  takeout  connectors.   In  analyzing  the 
system,  consideration  was  limited  to  that  portion  of  the  system  in  which 
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meEiningful  variations  in  deliveries  of  water  would  occur  with  alternative 
plans.  The  portion  of  the  system  that  was  common  to  all  plans,  such  as 
secondeiry  pipelines  making  distribution  to  houses,  was  excluded  from  com- 
parative analyses. 

The  heavy-outlined  block  in  Figure  1  is  the  point  in  the  investigation  at 
vtiich  the  results  of  specific  aneilyses  described  earlier  were  integrated 
with  the  results  of  surveys  of  existing  facilities  and  unit  cost  analyses 
of  facilities,  energy,  and  water  supply.  In  this  step,  the  number  of 
future  facilities  euid  the  quantity  of  water  supply  and  treatment  required 
for  each  plan  of  operations  were  determined.  Finally,  the  costs  of  facil- 
ities, energy,  and  water  supply  of  each  plsin  of  operation  were  determined 
and  costs  of  alternatives  were  compared. 

Both  digital  and  analog  computers  were  used  to  evaluate  the  physical  and 
economic  effects  of  a  large  number  of  possible  alternatives.  This  use  of 
computers  enabled  the  engineers  and  geologists  to  conduct  complex  compu- 
tations rapidly  and  to  process  huge  amounts  of  data  economically. 

The  ground  water  problems  and  objectives  contained  in  this  prototype  study- 
were  recognized  to  be  applicable  to  other  ground  water  basins  in 
CsLLifornia.  Therefore,  the  solutions,  including  the  computer  programs 
for  the  solutions,  were  written  in  genersil  terms  so  they  might  apply  with 
minimum  modification  to  any  other  problem  area  where  there  is  a  need  for 
planned  utilization  of  ground  water  basins. 


Related  Investigations  and  Reports 

A  number  of  important  investigations  to  develop  information  on  operation 
and  protection  of  ground  water  basins  have  been  conducted  by  the 
Department  of  Water  Resources,  the  Central  and  West  Basin  Water  Associations, 
the  Central  and  West  Basin  Water  Replenishment  District,  the  Los  Angeles 
County  Flood  Control  District,  and  other  agencies.  A  bibliography  of  re- 
lated investigations  is  presented  in  Attachment  No.  1.  These  publications 
provide  information  on  the  control  and  reduction  of  ground  water  pumpage, 
the  facilities  and  water  supply  required  for  replenishment  and  protection 
of  the  ground  water  basins,  and  other  items  related  to  the  management  of 
the  water  resources  of  the  Coastal  Plain. 
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CHAPTER  II.   DETERMINATION  OF  OPERATIONAL 
AND  UNIT  COST  DATA 


The  objective  of  this  phase  of  the  investigation  was  to  develop,  analyze, 
compare  and  present  operational-economic  information  on  the  present  plan 
of  ground  water  basin  operation  and  on  a  wide  range  of  other  plans.  This 
information  was  to  be  used  as  a  guide  by  local  agencies  for  managing  the 
ground  water  basins  in  coordination  with  surface  storage  and  transmission 
facilities.  The  study  conducted  herein  for  the  Coastal  Plain  reflects 
the  agreement  between  the  water  puirveyors  in  San  Gabriel  Valley  and  the 
Central  Basin. 

To  obtain  the  operational  information,  all  components  of  the  surface  and 
ground  water  supplies  and  facilities  of  the  Coastal  Plain  were  identified, 
simplified,  and  separately  analyzed.  The  results  of  these  individual 
analyses  were  brovight  together  to  formulate  and  analyze  alternative  plans 
of  operation  to  determine  the  required  water  services,  facilities,  and 
costs  of  each  alternative. 

The  major  study  components  are:  determination  of  futuire  water  demands; 
determination  of  future  water  supply  and  water  quality;  survey  of  existing 
and  proposed  surface  and  ground  water  facilities;  hydraulic  analyses  of  the 
primary  distribution  system;  hydraulic  analyses  of  ground  water  basins; 
and  analyses  of  unit  costs  of  water  supplies,  facilities,  and  electrical 
energy.  The  analyses  of  these  components  are  presented  in  this  chapter, 
and  detailed  discussions  of  some  of  the  components  are  presented  as  attach- 
ments to  this  report.  The  interrelationship  between  the  major  study  com- 
ponents and  the  sequence  of  the  study  are  illustrated  in  detail  on  Plate  3» 


Detennination  of  Future  Water  Demand 

The  total  demand  for  delivered  water  in  the  Coastal  Plain  comprises  de- 
mands for  applied  water,  injection  water,  and  spreading  water.  The  applied 
water  is  mainly  for  municipal  and  industrial  consumption.  The  injection 
water  is  for  protection  of  the  ground  water  basins  against  sea-water  in- 
trusion and  for  replenishment  of  the  ground  water  basins.  The  spreading 
water  is  also  for  replenishment  of  the  ground  water  basins. 


Applied  Water 

The  applied  water  demand  of  the  Coastal  Plain  was  projected  for  a  study 
period  extending  from  19^3  through  1990.  The  projected  amounts  were  allo- 
cated to  each  of  the  10  economic  areas.  These  demands  for  applied  water 
were  established  in  terms  of  annual,  monthly,  and  hourly  water  demands. 

The  future  annual  applied  water  demand  was  estimated  on  the  basis  of  past 
and  present  water  uses,  plus  projected  incremental  increases  in  future 
annual  water  demand.  The  historic  rate  of  increase  of  annual  water  demand 


and  the  present  use  of  applied  water  were  determined  by  applying  the  data 
developed  for  the  safe  yield  studies  published  in  Bulletin  No.  10^4-, 
Appendix  B.  Incremental  annual  increases  were  based  on  the  future  popu- 
lation and  unit  values  of  urban  water  use  contained  in  the  basic  data  for 
Appendix  D,  "Economic  Demand  for  Imported  Water",  Depaxtment  of  Water 
Resources  Bulletin  No.  78,  "Investigation  of  Alternative  Aqueduct  Systems 
to  Serve  Southern  California".  The  projected  rate  of  increase  in  applied 
water  demand  approximates  the  historic  rate  of  increase. 

To  determine  the  future  annual  applied  water  demands  for  each  economic 
area,  the  present  and  future  applied  water  demands  of  the  Coastal  Plain 
were  first  distributed  to  each  of  the  four  ground  water  basins  within  the 
study  area.  The  distribution  was  made  to  each  basin  in  proportion  to  the 
present  applied  water  demand  and  according  to  the  historic  trend  of  in- 
crease. These  applied  water  demands  were  then  apportioned  to  economic 
areas  within  each  basin  in  proportion  to  the  magnitude  of  population  as 
projected  in  a  map  entitled,  "Preliminary  198O  Population  Distribution, 
South  Portion,  Los  Angeles",  published  by  the  Los  Angeles  County  Regional 
Planning  Commission.  The  Planning  Commission's  estimate  of  population 
distribution  was  considered  to  be  more  accurate  than  other  available  data 
when  applied  to  small  areas.  Future  population  estimates  for  the  Coastal 
Plain,  based  on  Appendix  D  to  Bulletin  No.  78;  checked  closely  with  values 
obtained  from  the  Los  Angeles  County  Regional  Planning  Commission's  popu- 
lation distribution  map. 

Projected  population  and  annual  applied  water  demamd  for  the  total  Coastal 
Plain  are: 


Year 

i960 
1970 
1980 
1990 


Population 

3,700,000 
i^-,  500, 000 
5,100,000 
5,200,000 


Annual  applied 
water  demand  (acre -feet) 

800,000 
1,001,000 
1,163,000 
1, 218, 000 


The  annual  applied  water  demands  for  each  economic  area  of  the  Coastal 
Plain,  projected  to  1990,  are  presented  in  Table  1  and  are  illustrated  on 
Figure  2A, 

To  determine  the  short-term  peaking  requirements  of  the  Coastal  Plain  and 
of  each  economic  area,  information  on  monthly  demand  and  on  hourly  demand 
on  a  day  of  maximum  water  demand  was  obtained  from  the  City  of  Los 
Angeles,  the  City  of  Long  Beach,  the  City  of  Santa  Monica,  the  Southern 
California  Water  Company,  and  other  agencies.  These  data  were  analyzed, 
and  representative  monthly  and  hourly  variations  in  water  demand  were 
established.  This  study  indicated  that  the  peak  monthly  demand  is  about 
130  percent  of  the  average  annual  monthly  demand;  the  average  demand  on  a 
day  of  maximum  use  is  about  18O  percent  of  the  average  annuail  daily  demand; 
and  the  peak  hourly  water  demand  is  about  200  percent  of  average  hourly 
demand  on  a  day  of  maximum  use,  or  360  percent  of  the  average  annual 
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TABLE  1 

PROJECTION  OF  ANMJAL  APPLIED  WATER  DEMAND  IN  THE 
COAOTAL  PLAIN  OF  LOS  ANGELES  COUWTY  FROM  I963  THROUGH  I99O 

In  acre -feet 


Economic 
area 


1963        :      1970       ;      1980        ;      1990 


1 

31,000 

36,000 

1+5,000 

1+7,000 

2 

9,000 

10,000 

11,000 

12,000 

3 

31+2,000 

378,000 

1+1+1+,  000 

I+61+,000 

k 

81,000 

99,000 

109,000 

113,000 

5 

37,000 

1+5,000 

1+9,000 

51,000 

6 

92,000 

112,000 

11+1,000 

11+8,000 

T 

39,000 

1+7,000 

50,000 

52,000 

8 

61,000 

75,000 

80,000 

83,000 

9 

120,000 

11+1,000 

170,000 

180,000 

10 

1+9,000 

58,000 

61+,  000 

68,000 

TOTAL 

861,000 

1,001,000 

1,163,000 

1,218,000 

hourly  demand.  The  average  monthly  variations  in  water  demand,  based  on 
historical  data  and  assumed  to  be  applicable  to  the  future,  are  shown  on 
Figure  2B.  The  typical  hourly  water  demand  variations  on  the  maximum 
water-demand  day  in  the  Coastal  Plain  are  shown  on  Figure  2C.  Also 
shown  in  this  figure  is  the  division  of  flow  into  three  components — flow 
from  distribution  systems,  flow  from  ground  water  pumping  facilities, 
and  flow  from  surface  storage  facilities.  The  procedure  followed  in 
splitting  the  flow  is  described  in  the  next  chapter. 

From  the  typical  hourly  water  demand  variation,  the  maximum  hourly  water 
demand  for  each  economic  area  was  also  determined  for  subsequent  analyses 
to  obtain  the  capacity  of  required  surface  and  ground  water  facilities. 
In  determining  the  maximum  hourly  demand,  the  fire-flow  requirements  were 
added  to  the  peak  hourly  water  flow  on  the  day  of  greatest  vrater  use  in 
the  Coastal  Plain.  The  maximum  hourly  water  demand  will  be  discussed  in 
greater  detail  in  the  next  chapter. 


Injection  Water 

In  addition  to  the  requirement  for  applied  water,  there  will  also  be  a 
requirement  for  water  to  meet  the  future  needs  of  the  existing  and  pro- 
posed artificieil  recharge  projects  shown  on  Plate  1+.  One  such  require- 
ment is  for  imported  water  to  be  used  in  the  injection  projects,  which 
will  assure  continued  protection  of  the  ground  water  basins  by  the  main- 
tenance of  fresh  water  barriers  in  the  Coastal  Plain.  This  injection 
requirement  varies  with  ground  water  level  elevations  resulting  from 
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each  plan  of  operation.  The  amounts  required  for  existing  and  proposed 
projects  adjacent  to  Santa  Monica  Bay  and  Los  Alamitos  Bay  were  estimated 
by  utilizing  the  information  on  ground  water  level  responses  developed  by 
a  mathematicaJ.  model  of  the  ground  water  basins  that  was  formulated  and 
verified  for  this  investigation. 

For  a  proposed  injection-barrier  project  in  the  Wilmington  area,  the 
amounts  required  for  injection  were  estimated  without  direct  use  of  the 
model  because  the  ocean  is  not  in  direct  hydraulic  continuity  with  the 
deeper  aquifers,  which  are  the  major  water-producing  zones  in  this  area. 
However,  based  on  hydraulic  information  obtained  during  the  verification 
of  the  matheraaticeil  model  of  the  ground  water  basins,  it  was  believed 
that  a  relatively  small  amount  of  fresh  water  (approximately  U,000  acre- 
feet  annually)  will  flow  into  the  deep  aquifers  from  shallow  aquifers  if 
a  fresh  water  mound  is  established  in  the  shallower  aquifers,  as  proposed 
by  the  Los  Angeles  County  Flood  Control  District,  and  if  major  extrac- 
tions are  continued  from  the  deeper  aquifers.  An  initial  amount  of 
17,000  acre-feet  was  estimated  to  be  required  to  establish  a  mound  in 
the  shallow  aquifer,  and  an  annual  amount  of  i4-,000  acre-feet  was  esti- 
mated to  be  required  for  injection  thereafter,  to  1990. 


Spreading  Water 

There  is  also  a  requirement  for  imported  water  to  be  spread  in  the 
Montebello  Forebay  Area  for  placing  water  in  storage  or  for  transmitting 
it  through  the  ground  water  basin  to  the  point  of  ground  water  use.  This 
requirement  was  handled  as  an  operational  variable,  and  a  spreading 
schedule  was  prepared  for  each  plan  of  operation.  Further  discussions 
on  the  spreading  schedules  as  an  operational  variable  are  presented  in 
Chapter  III. 


Determination  of  Future  Water  Supply 
and  Water  Quality 

Water  supplies  to  meet  the  various  water  demands  in  the  Coastal  Plain 
consist  of  imported  surface  and  ground  water  and  locally  pumped  ground 
water.  Present  (l9o5)  sources  of  imported  water  include  Colorado  River 
water,  Owens  River-Mono  Basin  water  commingled  with  ground  water  of  the 
San  Fernando  Valley,  and  ground  water  and  reclaimed  waste  water  from 
the  San  Gabriel  Valley.   In  the  future,  these  supplies  will  be  augmented 
by  water  from  the  State  Water  Project.  Ground  water  is  currently  extrac- 
ted from  the  four  ground  water  basins.  These  basins  are  replenished 
naturally  by  deep  percolation  of  applied  water  and  precipitation  and  by 
subsurface  inflow  of  fresh  water  at  the  boundaries  of  the  Coastal  Plain. 
In  addition,  spread  or  injected  imported  surface  water  constitutes  artifi- 
cial replenishment  of  the  local  ground  water  supply. 

Studies  of  water  supply  sources  also  included  consideration  of  the  qual- 
ity of  water.  A  reviev;  of  available  information  and  projections,  for 
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different  plans,  of  the  past  trend  in  the  water  queility  change  of  the 
area  indicated  that  the  variations  in  water  quality  under  those  plans  of 
operation  would  he  minor  and  would  have  no  significant  effect  on  the  com- 
parative economics  of  the  alternative  plans.  Those  different  plans  en- 
compassed the  full  range  of  operational  variation  in  the  area. 


Imported  Water  Supply 

Colorado  River  water,  which  is  distributed  hy  The  Tfetropolitan  Water 
District  of  Southern  CaJ.lfornia,  is  a  major  source  of  imported  \ra.ter  to 
the  Coastal  Plain.  Softened,  filtered,  and  untreated  waters  are  now 
available  for  use  from  the  District.  Softened  and  filtered  vra,ters  are 
used  for  applied  water,  filtered  water  for  injection,  and  untreated  waters 
for  spreading. 

The  future  delivery  of  imported  water  to  the  Coastal  Plain  by  the  District 
was  assumed  to  be  limited  either  by  the  capacity  of  the  delivery  system 
to  provide  water  at  specified  pressures  or  by  the  available  supply  from 
the  Colorado  River  before  1972.  This  water  was  allocated  among  member 
agencies  of  the  Metropolitan  District  by  each  agency's  preferential 
rights  in  case  of  water  shortage,  emd  the  combined  water  supply  from  the 
Colorado  River  and  the  State  Water  Project  after  1972.  The  preferential 
rights  of  member  agencies,  which  become  effective  in  the  event  of  water 
shortages,  are  based  on  all  payments  made  by  each  agency  to  the  District, 
exclusive  of  payments  for  purchased  water. 

The  State  Water  Project  will  begin  delivering  water  supplies  to  Southern 
California  in  1971 •  In  that  year,  the  District  will  begin  importing  a 
portion  of  this  water  supply  to  the  Coastal  Plain  through  a  planned  in- 
crease in  the  delivery  capacity  of  its  distribution  system.  It  is  anti- 
cipated that  this  system  will  again  be  expanded  by  I983.  The  expansion 
schedule  of  the  District's  distribution  system  used  in  this  study  was 
based  upon  its  Report  No.  802,  "Comrparative  Economic  Study  of  the  East 
Branch  and  West  Branch  of  the  California  Aqueduct  and  of  Additional 
Distribution  Facilities  Required  in  the  Southern  California  Coastal  Plain 
by  1990" >  March  196^  because  it  was  the  latest  report  at  the  time  of  this 
study. 

The  maximum  delivery  capabilities  of  the  expanded  system  for  the  Coastal 
Plain  were  determined  by  formulating  and  analyzing  a  mathematical  model 
of  the  distribution  system.  The  system  was  simulated  by  three  pipeline 
networks,  each  representing  the  distribution  system  existing  during  a 
given  period  of  time:  1963  to  1972,  1972  to  I983,  and  1983  to  I99O. 
These  networks  are  shown  on  Plate  5«  The  hydraulic  analyses  of  these 
networks  will  be  described  in  a  later  section  of  this  chapter. 

Water  iinported  by  the  Metropolitan  Water  District  is  a  supplemental 
source  of  supply  to  the  Los  Angeles  Depsartment  of  Water  and  Power,  which 
utilizes  two  primajry  sources,  the  Owens  River-Mono  Basin  and  ground  water 
from  San  Fernando  Valley,  to  supply  the  Coastal  Plain.  In  view  of  the 
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anticipated  rate  of  development  in  the  San  Fernando  Valley,  which  will 
result  in  more  local  ground  water  being  used  in  the  area  of  origin  and 
will  also  require  additional  water  from  the  Owens  River-Mono  Basin,  the 
City  of  Los  Angeles,  in  196'^-,  initiated  construction  of  the  second  Los 
Angeles  Aqueduct  to  meet  the  water  needs  of  the  Coastal  Plain. 

Because  it  was  assumed  that  all  the  -^/ater  s'^pply  for  the  city  would  be 
utilized  in  each  plain  of  operation,  the  cheinge  in  the  cost  of  water 
service  for  each  plan  of  operation  would  remain  the  same.  Consequently, 
comparative  ranking  of  the  cost  of  water  service  of  the  plans  will  not 
change.  Therefore,  the  revised  schedule  below  of  water  importation  was 
adopted  for  use  only  in  that  portion  of  this  study  which  considers  the 
effect  of  changing  conditions  on  the  cost  of  water  service. 

The  Los  Angeles  Department  of  V/ater  and  Power  service  area  within  the 
Coastal  Plain  now  relies  almost  completely  on  surface  water  importations, 
with  less  than  15,000  acre-feet  of  ground  water  being  extracted  annually. 
For  this  study  it  was  assumed  that  this  amount  of  extraction  will  remain 
essentially  the  same  in  the  future.  Table  2  shows  the  estimated  impor- 
tation schedules  of  ground  water  and  Owens  River-Mono  Basin  water,  with 
one  aqueduct  and   with  two  aqueducts.  The  total  amount  of  water  used  in 
the  study  area  does  not  change.  The  second  aqueduct's  Importation  is  in 
lieu  of  water  from  supplemental  Metropolitan  Water  District  Import 
sources. 

'♦  •  • 

TABLE  2 

ASSUMED*  IMPORT  SCHEDULE  OF  V/ATER 
BY  THE  LOS  ANGELES  DEPARTt-ENT  OF  WATER  AND  POWER 
TO  THE  COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY 
FROM  1963  THROUGH  I99O 


Ground 

water  and 

Ground 

water  and 

one 

aqueduct 

two 

aqueduct  s 

Year 

:          Quantity 
:      in  acre -feet 

Year 

:          Quantity 
:      in  acre -feet 

1963 

197,300 

1963 

197, 300 

1965 

177, 500 

1965 

177,500 

1969 

137,900 

1969 

309,000** 

1970 

128,000 

1970 

300,000 

1975 

127,000 

1975 

260,000 

1980 

126,000 

1980 

221,000 

1985 

126,500 

1985 

181,000 

1990 

127,000 

1990 

lUl,000 

*By  the  Department  of  Water  and  Power,  City  of  Los  Angeles. 
**Second  aqueduct  delivery  added. 
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In  addition  to  the  water  imported  into  the  Coastal  Plain  by  the 
Metropolitan  Water  District  and  the  Los  Angeles  Department  of  Water  and 
Power,  approximately  23,000  acre-feet  of  water  annually  has  been  pumped 
or  diverted  from  streams  in  the  San  Gabriel  Valley  and  imported  to  the 
Coastal  Plain  in  recent  years.  For  this  study,  it  was  assumed  that  during 
the  study  period,  10,000  acre-feet  annually  would  be  used  in  the  economic 
areas  of  the  Coastal  Plain.   (The  City  of  Whittier  was  excluded  from 
these  economic  areas  because  the  water  service  in  that  city  would  be  the 
same  under  any  alternative  plan  of  operation  adopted  for  the  Coastal 
Plain.)  The  balance  of  this  amount,  13,000  acre-feet,  is  considered  to 
be  used  in  the  City  of  Whittier  and  in  communities  in  Orange  County. 


Ground  Water  Supply 

In  19°3^  about  ^0  percent  of  the  demand  of  the  Coastal  Plain  for  applied 
water  is  met  by  water  pumped  from  ground  water  basins.  Over  20  million 
acre-feet  of  fresh  water  is  now  in  storage  in  the  basins  and  this  is 
continuously  replenished  by  deep  percolation  ajid  subsurface  inflow. 
However,  the  usable  amount  of  water  pre-sently  in  storage  may  be  limited 
to  a  considerably  smaller  amount,  depending  upon  operational,  economic, 
organizational,  and  legal  limitations.  In  this  investigation,  some  of 
the  water  presently  in  storage,  as  well  as  water  from  deep  percolation 
and  subsurface  inflow,  was  considered  as  a  potential  ground  water  supply 
from  the  beginning,  and  the  ground  water  basin  was  treated  as  a  part  of 
a  total  storage  and  distribution  system. 

The  ground  water  basins  are  replenished  by'&eep  percolation  of  water  from 
various  sources.  Sources  of  deep  percolation  from  pervious  areas  outside 
of  streambeds  are  precipitation  and  delivered  water  applied  to  lawns  and 
ornamental  shrubs.   Sources  of  deep  percolation  of  local  water  from  stream- 
beds  and  spreading  grounds  are  storm  runoff,  rising  water,  and  reclaimed 
water.  Imported  untreated  water  is  spread  in  the  streambeds  and  spreading 
grounds,  and  imported  filtered  water  is  injected  in  a  sea-water  barrier 
project  along  the  coast. 


Deep  Percolation  of  Applied  Water  and  Precipitation.  Deep  percolation  of 
applied  water  and  precipitation  is  believed  to  take  place  throughout  the 
water-bearing  portion  of  the  Coastal  Plain,  in  amounts  which  vary  with 
the  natural  and  man-made  physical  conditions  of  the  area.  Hydrologists 
generally  agree  that  it  is  extremely  difficult  to  determine  the  distribu- 
tion of  deep  percolation  within  such  an  area  as  the  Los  Angeles  Forebay. 
In  studies  made  to  date,  investigators  have  been  unable  to  establish,  by 
direct  means,  the  volume  of  percolation.  Nevertheless,  for  this  study, 
it  was  necessary  to  estimate  both  the  amount  and  the  location  of  deep 
percolation. 

To  meet  this  need,  a  method  was  developed  which  gives  primary  considera- 
tion to  insuring  the  validity  and  reliability  of  the  product.  To  minimize 
the  degree  of  error  in  the  estimates,  the  method  included  independent 
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estimates  of  all  hydrologic   items,    simultaneous  checks  on  the  reasonable- 
ness of  the  annual  values  of  all  those  items,   and  the  adjustment  of  the 
estimates  to  be  consistent  with  the  overall  balance  of  hydrologic   items. 
This  was  a  significant  improvement  over  methods  previously  available. 

For  use  in  estimating  future  amounts  of  percolation  of  applied  water  and 
precipitation  within  the  zone  of  aeration,   percolation  criteria  were 
developed  for  each  basin,   using  the  data  presented  in  Appendix  B.     These 
criteria  were  expressed  as  curves. 

Two  sets  of  curves  were  developed.     The  first  set   (Figure   3A)      shows  the 
relation  between  the  amount  of  seasonal  percolation  of  precipitation  in 
an  acre  of  pervious  area  and  the  seasonal  depth  of  precipitation  on  an 
acre  of  water-bearing  area.     The  second  set  of  curves  (Figure   3B)      shows 
the  relation  between  the  amount  of  seasonal  percolation  of  applied  water 
in  an  acre  of  irrigated  area  and  the  product  of  seasonal  depths  of  irri- 
gation water  and  indexes  of  wetness.     The  index  of  wetness  is  a  unitless 
number  showing  the  ratio  of  an  annual  precipitation  to  an  average  precip- 
itation for  a  long  period. 

By  applying  these  curves  to  estimates  of  future  pervious  and  irrigated 
areas,    annual  amounts  of  percolation  from  precipitation  and  applied  water 
to  the   zone  of  aeration  were  established.     These  amounts  were  then  con- 
verted to  annual  amounts  of  deep  percolation  of  applied  water  aiid  precip- 
itation to  the   zone  of  saturation.     The  latter  determination  was  based  on 
studies  of  historical  hydrologic  data,   which  indicated  that  the  fluctua- 
tion in  the  rate  of  infiltration  of  precipitation  and  applied  water  during 
the  cyclic  period  from  193^-35  through  1956-57  vas  attenuated  by  the  zone 
of  aeration.     The  rate  of  deep  percolation  into  the  zone  of  saturation  was 
nearly  constant  during  the  cyclic  period.     These  analyses  are  described  in 
detail  in  Attachment  No.    3«     The  estimated  average  annual  amounts  of 
future  deep  percolation  to  the  zone  of  saturation  from  the  beginning  of 
the   study  period  to  1990  are:      applied  water,    53/000  sicre-feet;   precipita- 
tion,   29,000  acre-feet. 


Artificial  Recharge  and  Deep  Percolation  in  Streambeds.     Significant 
amounts  of  deep  percolation  of  local  and  imported  waters  can  occur  in  a 
portion  of  the  San  Gabriel  River  streambed  located  in  the  forebay  portion 
of  the  Central  Basin,    in  the  existing  spreading  grounds  adjacent  to  the 
Rio  Hondo  and  San  Gabriel  River  in  the  Montebello  Forebay,    and  also  in 
the  existing   spreading  grounds  adjacent  to  the  Los  Angeles  River  in  the 
Dominguez  Gap.     The  deep  percolation  of  local  water  in  streambeds  and 
spreading  grounds  consists  of  storm  runoff;    rising  water,  ground  water 
that  reappears  on  ground   surface  because  of  higher  water  table  than  the 
ground  surface;   and  reclaimed  water. 

The  future  average  annual  amount  of  deep  percolation  in  streambeds,   under 
mean  precipitation  conditions,   was  assumed  to  be  53,000  acre-feet — 10,000 
acre -feet  of  storm  runoff  and  ^3,000  acre -feet  of  rising  water.     The 
storm  runoff  estimate  is  based  on  results  of  flood  routing   studies  by  the 
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Figure  3-  CRITERIA    CURVES  -  PERCOLATION 
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Los  Angeles  County  Flood  Control  District.     The  amount  of  rising  water 
is  the  average  annual  amount  estimated  to  have  occurred  during  the 
cyclic  period,    193^-35  through  1956-5T»   based  on  historical  hydrologic 
data  from  Appendix  B.     Analysis  of  these  data  also  indicates  that   storm 
runoff  and  rising  water  conserved  in  the  streambeds  and  spreaxiing  grounds 
reach  the  zone  of  saturation  within  a  year,    regardless  of  the  water 
level. 

The  amount  of  storm  runoff  and  rising  water  estimated  to  be  conserved 
annually  is  53,000  acre-feet;   however,   an  estimate  of  U8,000  acre-feet 
is  used  in  this  study  as  the  average  annuaJL  amount  of  firm  water  supply 
from  these   sources.     This  reduction  of  5*000  acre-feet  reflects  the  ef- 
fect of  an  agreement  between  the  water  users  in  the  Upper  and  Lower  Areas 
of  the  San  Gabriel  River  system,   based  on  anticipated  future  conditions 
in  the  Upper  Area. 

On  May  12,  1959*  a  complaint  (amended  June  8,  I961)  was  filed  in  the 
Superior  Court  in  and  for  the  County  of  Los  Angeles,  by  the  City  of  Long 
Beach,  the  Central  Basin  Municipal  Water  District  and  the  City  of  Compton. 
This  complaint  alleged  that  the  water  producers  in  the  Main  San  Gabriel 
Basin  (Upper  Area)  were  using  more  than  their  share  of  the  waters  of  the 
San  Gabriel  River. 

In  an  effort  to  reach  a  physical  solution,  two  negotiating  committees  of 
five  members  each  were  appointed,  one  to  represent  the  plaintiffs  and  one 
to  represent  the  major  group  of  defendants. 

A  proposed  Stipulation  for  Judgment  and  Judgment  were  approved  by  the 
joint  negotiating  committees  on  December  7*  190^+*  and.  thereafter  were 
approved  by  all  parties.  On  September  2k,   19b5,  Judgment  was  entered. 

Under  the  terms  of  the  agreement,  the  Central  Basin  area  (Lower  Area)  is 
guaranteed  an  average  eunount  of  98* '^■15  acre-feet  of  water  over  a  long- 
term  period  of  normal  rainfall  for  the  upper  area.  For  any  specific 
year,  the  entitlement  of  the  lower  area  will  be  based  on  the  average  rain- 
fall for  a  10-year  period  that  ends  with  the  year  in  which  the  entitlement 
is  to  be  calculated.  The  determination  of  the  debit  or  credit  of  the 
Upper  Area  in  the  future  will  be  based  on  the  difference  between  the 
entitlement  and  actual  amounts  of  usable  surface  flow,  subsurface  flow, 
or  export  that  pass  throvigh  the  Whittier  Narrows.  If  the  usable  water 
passing  the  Whittier  Narrows  during  the  water  year  is  less  than  the  en- 
titlement, the  Upper  Area  will  be  obliged,  periodiceilly,  to  provide 
sufficient  water,  or  compensating  funds,  to  make  up  the  difference.  The 
average  annual  entitlement  of  the  Lower  Area  was  derived  by  using  the 
average  amounts  of  the  export,  usable  surface  flow,  and  usable  subsurface 
flow  for  the  period  193^+- 35  through  1958-59,  minus  a  stipulated  deduction 
of  5,000  acre -feet. 

In  addition  to  runoff  from  storms  and  rising  waters,  water  reclaimed  from 
waste  water  originating  in  the  San  Gabriel  Valley  is  available  for  con- 
servation by  spreading  in  the  Coastal  Plain.  The  annual  ajnount  presently 


■19- 


available  for  spreading  is  13^000  acre-feet,  which  is  about  equal  to  the 
existing  capacity  of  the  Whittier  Narrows  Reclamation  Plant. 

It  was  assumed  that  untreated  imported  water  will  be  supplied  for  future 
spreading  in  the  spreading  grounds  to  supplement  the  ground  water  in 
storage.  It  was  also  assumed  that  filtered  water  will  be  supplied  for 
injection  into  freshwater  barriers  adjacent  to  the  coast  to  prevent  sea- 
water  intrusion.  The  location  of  these  artificial  recheurge  projects  is 
shown  on  Plate  k.     The  amounts  of  untreated  water  to  be  delivered  to 
spreading  grounds  in  the  future  were  postulated  in  spreading  schedules 
for  each  plan  of  operation  and  are  described  in  detail  in  Chapter  III. 
The  amounts  of  filtered  water  to  be  delivered  to  injection  wells  along 
the  sea- water  barriers  were  computed  as  requirements  for  selected  plans 
of  operation  by  using  the  mathematical  model  of  the  ground  water  basins. 
In  determining  the  amount  of  inject"'on  water  added  as  a  potential  ground 
water  supply,  the  portion  of  injected  water  that  flows  toward  the  ocean 
was  subtracted  from  the  total  amount  of  injected  water. 

In  addition  to  operational-economic  studies  based  on  meein  seasonal 
amounts  of  inflow  and  outflow,  a  separate  analysis  was  made  to  gain  an 
insight  into  the  water  level  fluctuation  that  may  occur  in  the  future, 
particularly  in  the  Montebello  Forebay  area  of  the  Central  Basin.  An 
analysis  of  historical  hydrologic  data  indicated  that  the  ground  water 
levels  in  the  Coastal  Plain  varied  cyclically  with  cyclic  variations  in 
rainfall  and  subsequent  conservation  of  local  water  in  thfe  streambeds 
and  spreading  grounds.  For  this  study,  the  annual  amounts  of  rising 
water  and  storm  runoff  that  percolated  during  193^-35  through  1956-57 
were  assumed  to  be  conserved  during  the  study  period.  These  annual 
amounts  are  presented  in  Table  3« 

This  assumption  was  made  because  the  annual  amounts  of  rising  water  and 
flood  runoff  that  can  be  conserved  in  the  future,  though  related  to  pre- 
cipitation, will  be  affected  by  the  operational  conditions  in  both  the 
Coastal  Plain  and  in  the  San  Gabriel  Valley,  and  reliable  predictions 
ceinnot  be  made. 


Subsurface  Inflow.  Subsurface  inflow  also  adds  to  the  ground  water  sup- 
ply of  the  area.  Subsurface  inflow  of  fresh  water  has  occurred  in  the 
past,  and  is  assumed  to  occur  in  the  future,  at  the  Los  Angeles  Narrows, 
Whittier  Narrows,  and  the  Los  Angeles-Orange  County  boundary  line.  The 
amounts  of  inflow  at  each  location  will  veiry  with  each  plan  of  operation. 
At  the  Los  Angeles-Orange  County  boundajy,  the  direction  ^f  flow  may 
also  vary. 

Because  it  was  not  possible  to  correlate  the  plans  of  operation  con- 
sidered for  the  Coastal  Plain  with  any  definite  future  plans  of  operation 
for  adjoining  ground  water  basins,  it  was  necessstry  to  make  assumptions 
regarding  future  subsurface  inflows.  For  this  investigation,  the  average 
annual  subsurface  inflow  assumed  to  occur  at  the  Los  Angeles-Orange 
County  line  was  29,000  ax;re-feet,  the  estimated  inflow  which  occurred  at 
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TABLE  3 

ANNUAL  AMOUNTS  OF  STORM  RUNOFF  AND  RISING  WATER 
ESTDIATED  TO  BE  CONSERVED  IN  THE  NDNTEBELLO  FOREBAY 

In  acre -feet 

Year  ;                    Quantity  of  water 

193^-35  53,000 

1935-36  32,000 

1936-37  67,000 

1937-38  101,000 

1938-39  62,000 

1939-1^0  57,000 

19ii.0-Ui  98,000 

l9i^i.i+2  57,000 

19U2-I+3  68,000 

l<^2,.kk  78,000 

19UU-i;5  63,000 

191+5.1^6  69,000 

191^6-^7  69,000 

19U7-I+8  i+6,000 

19I+8-U9  30,000 

1949-50  30,000 

1950-51  23,000 

1951-52  57,000 

1952-53  U2,000 

195  3-5*^  3^,000 

195^^-55  23,000 

1955-56  26,000 

1956-57  30,000 


Note:      These  assumed  amounts,  used  in  determining  ground  water  level 

fluctuations  resulting  from  Cyclical  variations  in  precipitation, 
are  based  on  the  annual  eimounts  of  storm  runoff  and  rising  water 
conserved  in  the  Coastal  Plain  during  the  23-year  base  period, 
193^-35  through  1956-57. 

this  location  in  196O-61.     Because  subsurfaxie  flow  varies  with  changing 
physical  conditions  in  the  area  adjacent  to  the  line,   the  figure  of  29,000 
acre-feet,    adopted  for  use  here,    is  a  working  estimate  only. 

For  the  Los  Angeles  Narrows,   the  assumed  future  average  emnual  subsurface  in- 
flow was  200  acre-feet  based  on  the  most  recent  year  of  record,    I96O-61. 
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For  Whittier  Narrows,  the  assumed  future  subsurface  inflow  was  28,000 
acre-feet  annually,  the  average  amount  estimated  to  have  occurred  during 
the  base  period,  193'<-35  through  1956-5T*  This  amovmt  approximates  the 
quantity  of  inflow  stated  in  the  principles  of  agreement  between  the 
water  users  of  the  Upper  and  Lower  Areas  of  the  Saja  Gabriel  River  System. 
It  is  subject  to  some  variation,  in  accordance  with  a  stipulation  signed 
by  both  parties  in  19^5 • 

To  account  for  the  annual  increase  or  decrease  of  fresh  ground  water  in 
storage  during  the  study  period,  annual  inventories  were  taken  of  all 
items  of  ground  water  inflow  and  outflow  to  and  from  the  zone  of  satura- 
tion for  each  plan  of  operation.  Also,  cumulative  amounts  were  determined 
for  the  period  from  19^3  through  1990*  Tables  showing  inventory  informa- 
tion for  selected  plans  of  operation  are  presented  in  Chapter  IV. 


Water  Quality 

On  the  basis  of  studies  of  past  levels  of  quality  of  water  imported  from 
the  Colorado  and  Owens  Rivers,  it  was  assumed  that  the  quality  of  these 
supplies  would  continue  to  be  at  about  19^3  levels.  After  1972,  v^en 
higher  quality  water  from  northern  rivers  will  be  available  through  the 
State  Water  Project,  the  supply  from  these  combined  sources  is  expected 
to  continue  to  be  sufficiently  high  in  future  years  so  that  no  treatment, 
other  than  chlorination,  filtration,  and  softening  ■^^^ill  be  required.  An 
analysis  was  also  made  to  estimate  the  change  in  the  quality  of  ground 
water  in  the  study  area  during  the  study  period.  For  this  estimate, 
historical  average  values  of  total  dissolved  solids  were  plotted  as  a 
function  of  time.  Trends  of  change,  based  on  the  plot,  were  determined 
for  each  of  the  four  ground  water  basins.  The  periods  of  analysis  were 
based  on  the  availability  and  reliability  of  basic  water  quality  data 
on  concentrations  of  total  dissolved  solids  in  each  basin;  these  periods 
varied  from  7  years  for  the  Central  Basin  to  12  years  for  the  Hollywood 
Basin.  The  data  showed  no  significant  rise  or  fall  in  total  dissolved 
solids  during  the  period  of  study.  Furthermore,  the  annual  average 
values  of  total  dissolved  solids  for  all  the  basins  were  well  below  the 
1,000  parts  per  million  permitted  by  the  United  States  Public  Health 
Service  for  domestic  water.  Average  values  of  total  dissolved  solids, 
in  parts  per  million,  were  UOO  for  the  Hollywood  and  West  Coast  Basins, 
U50  for  the  Central  Basin,  and  less  than  7OO  for  the  Santa  Monica  Basin. 
The  values  of  total  dissolved  solids  in  those  portions  where  sea  water 
has  intruded  in  the  West  Coast  Basin  and  also  in  the  Santa  Monica  Basin 
were  much  higher  than  mentioned. 

As  for  pollution  and  contamination  of  ground  water  from  various  dele- 
terious matters  and  chemicals,  the  Los  Angeles  Regional  Water  Quality 
Control  Board,  State  Department  of  Public  Health,  and  the  State 
Department  of  Water  Resources  maintain  constant  vigilance.  In  cases 
that  could  lead  to  threatening  situations,  it  was  assumed,  for  the  purpose 
of  this  study,  that  sufficient  steps  would  be  taken  in  time  to  prevent 
any  significant  damage  to  the  valuable  water  resource. 
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Survey  of  Existing  and  Proposed  Water  Supply  Facilities 

Water  supply  facilities  within  the  CoastaJ.  Plain  are  those  required  for 
transmission  and  storage  of  surface  and  ground  water  to  directly  meet 
the  fluctuating  demand  for  applied  water  euid  for  the  artificial  recharge 
projects.  The  ground  water  basins  also  were  considered  as  a  part  of 
these  facilities  in  this  study.  A  highly  developed  network  of  both 
surface  and  ground  water  facilities  for  storage,  transmission,  and  extrac- 
tion of  water  exists  within  the  Coastal  Plain  to  meet  the  applied  water 
demands  of  municipal,  industrial,  commercial  entitles,  and  very  small 
amount  of  agricultural  water  requirement.  Many  of  these  facilities  are 
required  for  service  of  water  irrespective  of  the  source;  this  group  of 
facilities  was  excluded  from  consideration  so  that  the  investigation 
could  be  limited  to  consideration  of  those  facilities  that  varied  with 
the  source  of  supply. 

The  elimination  of  these  facilities  limited  the  study  of  surface  water 
facilities  to  the  primary  distribution  system,  taieout  connectors,  and 
surface  storage  facilities.  Even  though  surface  storage  facilities  are 
used  for  storing  both  surface  water  ajid  pumped  ground  water,  all  of 
these  storage  facilities  were  categorized  as  surface  facilities  for  con- 
venience in  this  study.  Ground  water  facilities  considered  in  the  study 
were  spreading  facilities,  wells  and  pumps,  booster  pumps,  injection 
wells,  and  related  barrier  facilities  required  to  protect  the  basins 
against  further  Intrusion  of  sea  water. 

Operational  information  on  these  facilities,  including  their  existing 
capabilities  and  related  costs,  were  obtained  from  the  major  water  agen- 
cies in  the  study  area.  The  capabilities  of  existing  connectors,  pumps, 
booster  pumps,  and  surface  storage  reservoirs  were  estimated,  based  on 
data  obtained  from  virtually  all  water  agencies  of  the  area.  These  es- 
timates are  shown  In  Table  k   for  each  of  the  10  economic  areas.  The 
distribution  system  analyzed  in  this  study  is  shown  on  Plate  5» 

The  facilities  considered  to  be  related  to  delivery  of  both  Imported  £ind 
ground  waters  were  those  downstream  of  the  connectors.  It  was  concluded, 
after  a  brief  analysis,  that  valves,  meters,  house  connections,  and  dis- 
tribution mains  were  common  to  all  plans  of  operation.  A  relatively 
detailed  analysis  showed  that  secondary  distribution  systems  were  eilso 
common  to  delivery  of  water  from  both  sources,  if  the  systems  were  con- 
structed to  meet  accepted  design  standards  of  American  Water  Works 
Association.  Accordingly,  these  categories  of  facilities  were  excluded 
from  further  operational  and  economic  analyses. 

The  distribution  systems  owned  and  operated  by  both  private  and  municipal, 
agencies,  such  as  pipeline  networks  of  the  City  of  Los  Angeles  and  the 
City  of  Long  Beach,  were  also  considered  to  be  common  to  all  plans  of 
operation,  and  they,  too,  were  not  considered  in  the  economic  analyses. 
However,  all  the  existing  and  proposed  facilities  of  the  Metropolitan 
Water  District  and  State  Water  Project  were  considered  in  the  economic 
analyses  as  parts  of  the  cost  and,  subsequently,  the  unit  price  of 
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TABLE  k 

ESTIMATED  EXISTING  CAPABILITIES  OF  PUMPS,  BOOSTERS, 

CONUECTORS,  AND  STORAGE  RESERVOIRS  IN  THE 

COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY 

BY  ECONOMIC  AREAS 


Economic 


Total  rated 

well  pump 
horsepower 


:  Existing 
Total    :  connection 
; rated  booster: capacity,  in 
horsepower  :  cubic  feet 
:  per  second 


Volume  of 
existing 
storage,  in 
cubic  feet 


1 
2 

3 
k 

5 

6 

7 

8 

9 
10 

TOTALS 


2,520 
620 
2,310 
15,500 
6,lU0 
5,3^^0 
5,  Olio 

10,320 

8,370 
6,U4o 

62,600 


1,020 
0 
l,5i^0 
1,250 
1,350 
l,li<-0 

150 

U20 

850 
190 

7,910 


122 

6,979,000 

25 

3,717,000 

ifl9 

923,632,000 

125 

6,667,000 

22 

731,000 

271 

5,237,000 

100 

29i+,000 

129 

2,78i|,000 

300 

9,668,000 

85 

lU, 893, 000 

1,598 

97^^,593,000 

imported  water.  Also,  those  District's  facilities  which  affected  opera- 
tions in  the  study  area  but  which  were  not  included  in  the  cost  of 
imported  water,  such  as  the  feeders  required  in  addition  to  those  in  the 
District's  plan,  were  considered  both  operationally  and  economically. 

In  addition  to  the  San  Gabriel  riverbed,  which  is  a  natural  spreading 
facility  with  an  approximate  capacity  of  120  cubic  feet  per  second,  four 
man-made  spreading  facilities  exist  in  the  permeable  area  adjacent  to 
the  Rio  Hondo  and  San  Gabriel  Rivers  in  the  Montebello  Forebay,  and 
adjEicent  to  the  Los  Angeles  River  in  the  Dominquez  Gap  area.  The  total 
infiltration  capacity  of  the  spresiding  grounds  in  the  forebay  is  565 
cubic  feet  per  second,  which  is  equivalent  to  about  U00,000  acre-feet 
per  year,  provided  that  the  infiltration  rate  is  not  reduced  by  a  grovind 
water  mound  that  could  develop  beneath  the  spreading  site.  The  locations 
of  the  spreading  facilities  are  shown  on  Plate  k,   and  information  on  the 
recharge  capacity  of  each  spreading  project  is  given  in  Table  5« 

The  existing  facilities  were  assumed  to  be  available  for  use  up  to  their 
spreading  capacity  in  each  plan  of  operation.  No  additional  imported 
water  spreading  projects  were  considered  for  this  investigation.  Studies 
made  with  the  mathematical  model  indicated  that  large  amounts  of  sustained 
spreading  cannot  be  done  simultaneously  in  the  Montebello  Forebay  and  in 
the  Los  Angeles  Forebay,  which  is  the  only  potential  additional  spreading 
ground  site  of  aaay  significant  size.  Since  there  is  a  large  amount  of 
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TABLE  5 

OPERATIONAL  DATA  ON  EXISTING  MAN-MADE  SPREADING  FACILITIES 
WITHIN  THE  COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY 


Name  of 
spreading 
grounds^ 

Type 

Area, 

in  acres 

Year 

first 

used 

Percolation 
capacity^, 
in  cf  s 

Gross 

:     Wetted 

San  Gabriel 
Coastal 

Shallow 
basins 

127 

96 

1938-39 

80 

Rio  Hondo 
Coastal 
(east side) 

Shallow 
basins 

k23 

370 

1937-38 

350 

Rio  Hondo 
stream- 
bed  devel- 
opment 
(westside) 

Sh/illow 
basins 

151 

89 

1955-56 

135 

Dominguez 
Gap 

Deep 
basins 

5^^ 

26 

1957-58 

6 

TOTALS 

755 

581 

571 

a.  Excludes  that  portion  of  the  San  Gabriel  River  channel  between  the 

Whittier  Narrows  Dam  and  Florence  Avenue,  which  has  an  infiltration 
rate  of  about  120  cfs. 

b.  These  capacities  are  for  the  condition  in  which  the  ground  water 

tables  below  and  adjacent  to  the  spreading  grounds  are  low  enough 
not  to  disturb  passage  of  water  through  the  surface  of  the  spreading 
ground.  The  infiltration  capacities  shown  represent  the  nominal 
short-term  maximum  rates  as  controlled  by  the  infiltration  across 
the  soil-water  interface.  The  month-to-month  rates  can  vary  con- 
siderably depending  upon  the  total  amount  of  water  being  applied 
and  the  turbidity  as  controlled  by  the  amount  of  local  storm  water 
conserved  within  any  given  period. 

ground  water  in  storage — more  than  20  million  acre-feet — as  shown  in 
Appendix  A,  it  is  possible  to  consider  delaying  safe  yield  operation*  of 
the  ground  water  basin  until  some  future  date.  Under  such  an  alterna- 
tive, the  cost  of  pumping  ground  water  for  use  now  should  be  compared 


*For  this  study,  safe  yield  operation  is  defined  as  a  plan  under  which 
the  amount  of  output  from,  and  input  to  the  ground  water  basin  over  a 
long  period  of  time  is  equal. 
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wi-fch  the  cost  of  developing,  operating,  and  maintaining  a  spreading  site, 
purchasing  and  spreading  imported  water,  and  subsequently  pumping  it  for 
use. 

Under  a  plan  of  operation  in  which  safe-yield  operation  was  deferred, 
water  levels  would  gradually  decline  and  pumping  costs  would  gradually 
increase.  Some  additional  injection  water  would  also  be  required  to  re- 
pel saline  intrusion.  These  additional  costs  were  included  in  the 
analysis  of  cost  of  water  service  for  each  operational  alternative  eval- 
uated in  this  study.  Chapter  IV  discusses  the  selected  plans  of  operation 
studied  and  presents  techniques  that  can  be  used  by  local  water  management 
agencies  to  determine  the  period  during  which  use  of  ground  water  would  be 
of  economic  advantage. 

To  test  the  effectiveness  of  freshwater  barriers  in  protecting  the  ground 
water  basins,  a  1.5-mile  reach  of  wells  has  been  constructed  parallel  to 
the  coastline  near  Manhattan  Beach  as  part  of  the  West  Coast  Basin 
Barrier  Project.  At  the  time  of  the  study,  the  Los  Angeles  County  Flood 
Control  District  proposed  to  complete  an  extension  of  this  system  by  19^5 
to  provide  protection  for  about  11  miles  of  the  coast  from  the  Ballona 
escarpment  on  the  north  to  a  point  near  Redondo  Beach  on  the  south.  Addi- 
tional barrier  projects  in  the  vicinity  of  Dominguez  Gap  and  Alamitos  Gap 
are  also  proposed.  Since  that  time,  the  extension  of  the  West  Coast  Basin 
Barrier  Project  and  the  Alamitos  Gap  Project  have  been  essentially  com- 
pleted and  are  now  operational.  The  design  length  and  capacity  of  each 
project  proposed  by  the  Flood  Control  District  are  given  in  Table  6,  and 
the  locations  of  these  projects  are  shown  on  Plate  h. 

To  examine  a  wide  range  of  possible  operational  plans,  injection  projects 
were  assumed  to  be  enlarged  and  extended  for  some  plans  in  this  study. 
The  proposed  West  Coast  Basin  Barrier  Project  and  Alamitos  Barrier 
Project  were  assumed  to  be  enlarged  at  selected  times.  Costs  during  the 
study  period  of  these  enlarged  projects  were  developed  for  plans  of 
operation  that  would  require  injection  facilities  larger  than  those  de- 
signed for  the  proposed  projects,  and  these  costs  were  included  in  the 
total  cost  of  operation.  In  addition,  the  proposed  Dominguez  Gap  Barrier 
Project  was  extended  about  3  miles  and  a  barrier  project  was  extended 
from  the  terminus  of  the  West  Coast  Basin  Barrier  Project  about  8  miles 
northerly  along  the  Santa  Monica  Bay;  the  latter  extension  will  be  re- 
ferred to  as  the  Santa  Monica  Basin  Barrier  Project  in  this  study.  The 
extensions  considered  necessary  for  some  plans  of  operation  are  shown  on 
Plate  h,     A  detailed  discussion  of  the  timing,  sizing,  and  the  cost  of 
expanded  injection  barriers  is  presented  in  Attachment  8. 

The  ground  water  basin  also  acts  as  a  facility  that  both  stores  and  trans- 
mits ground  vrater  from  points  of  recheirge  and  from  existing  water  in 
storage  to  points  where  water  is  required.  The  areal  extent  of  the  basins 
is  depicted  on  Plate  1,  and  a  physical  description  of  the  hydraulic 
characteristics  of  the  basins  is  presented  in  the  latter  portion  of  this 
chapter. 
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TABLE  6 


INJECTION  CAPACITY  AND  LENGTH  OF  INJECTION  BARRIER 
PROJECTS  WITHIN  THE  COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY 


Length  of  barrier  project,  in  miles 

Design  injec- 

Name of 

(1)     :     (2) 
As      : 

(3)=(l)+(2) 

tion  capacity 
as  proposed 

barrier 
project 

proposed  by  •  Additional 
Los  Angeles  •  project 
County  Flood-   assumed 

Total 
considered 

by  the  Los 
Angeles  County 
Flood  Control 

Control   •  for  opera- 
District   :tional  studv 

for  study 

District, 
in  cf  s^ 

Vfest  Coast 

Basin^  11 

Alamitos*^  2 

Dominguez  Gap  k 

Santa  Monica 

Basin  0 

TOTALS  17 


0 
0 
3 

_8 
11 


11 
2 

7 

_8 
28 


69 

15 

16 

0 

100 


a. 

b. 


c. 
d. 


Stabilized  rates  after  a  freshwater  mound  is  built. 

The  capacities  shown  here  do  not  include  those  of  additional  projects 

over  and  above  those  proposed  by  the  Los  Angeles  County  Flood 

Control  District. 
Includes  1.5  miles  of  existing  barrier  near  City  of  Manhattan  Beach. 
Los  Angeles  County  portion  only. 


Hydraulic  Analyses  of  Ground  V/ater  Basins 

A  mathematical  model  of  the  ground  water  basins  of  the  Coastal  Plain  was 
developed  to  integrate  the  storage  and  transmissive  capabilities  of  the 
basins  in  the  operational  and  economic  evaluation  of  alternative  schemes 
of  meeting  applied  water  demands.  This  model  was  subsequently  verified 
for  reliability  by  adjusting  the  storage  and  transmissive  factors  within 
reasonable  limits  so  that  the  model  could  reproduce  historical  ground 
water  conditions  when  historical  amounts  of  inflow  and  outflow  of  the 
ground  water  basins  were  imposed.  The  verified  model  \ra.s   used  to  gen- 
erate annual  changes  in  water  level  elevations  from  the  present  to  1990 
under  various  operational  plans.  In  these  plans,  amounts  and  locations 
of  future  replenishment  and  extraction  varied,  and  information  such  as 
cost  of  pumping  was  estimated  through  a  determination  of  facilities  and 
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electrical  energy  requirements.  A  detailed  discussion  of  the  formulation 
and  verification  of  the  model  on  the  analog  computer  is  presented  in 
Attachment  No.  5» 

In  the  formulation  and  verification  of  the  model,  complex  elements  of  the 
ground  water  basins  and  their  water  supply,  use,  and  disposal  were  sim- 
plified sufficiently  so  that  they  could  be  handled  with  available  know- 
ledge, equipment,  and  experience.  The  general  steps  taken  in  the 
formulation  and  verification  of  the  model  follow: 

1.  A  generalized  ground  water  equation  was  derived  that  could  define  the 
storage,  transmissive,  and  surface  water  inflow-outflow  characteristics. 
This  equation  takes  the  form: 

T.  R  W.  r,  dh-R 

^i  (bi  -  hB)   r   '      +  AbQb  =  AbSb 


-i,B      "  "    -  -  dt 


where: 


h^       =   representative  ground  water  level,  in  feet,  of  unit 
area  i,  adjacent  to  area  B 

hg   =  representative  ground  water  level  (head),  in  feet,  of 
the  general  unit  area  B 

T.  -g  =  representative  transraissibility  between  areas  B  and  i, 
'  in  acre-feet  per  year  per  foot  of  width 

V/^  -g  =  width,  in  feet,  through  which  the  subsurface  flow 
occurs  between  areas  B  and  i 

L^  B  =  distance,  in  feet,  between  the  nodal  points  of  areas 
'    B  and  i.  Therefore,  (hi  -  hB)/Li,B  is  an  average 
slope  of  a  ground  water  surface  between  the  unit 
areas  B  and  i. 

A-g   =  area,  in  acres,  of  general  unit  area  B 

Qg   =  rate  of  net  surface  inflow  and  outflow,  in  acre-feet 
per  year  per  acre  of  general  unit  area  B 

Sb   =  representative  specific  yield  of  sediments  in  general 
area  B 

t    =  time,  in  years 

A  unit  sirea  of  interest  is  expressed  by  subscript  B  and  all  the   surrounding 
units  by  subscript  i.     The  first  term  on  the  left-hand  side  of  the  equa- 
tion is  the  summation  of  the  subsurface  flows  between  a  given  unit  area 
and  its  surrounding  areas.     The  second  term  describes  the   surface  flow 
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into  or  out  of  the  zone  of  saturation  of  the  given  area.  The  change  in 
storage  is  given  by  the  right-hand  expression.  A  set  of  these  differen- 
tial equations,  with  proper  values  of  coefficients,  is  referred  to  as  a 
mathematical  model  of  ground  water  basins. 

2.  A  set  of  assumptions  was  made  that  was  consistent  with  the  equation, 
with  the  geologic  and  hydrologic  data,  and  with  an  analog  computer 
system.  Assxiraptions  were  made  to  make  the  handling  of  computer  equa- 
tions simple  or  to  provide  physical  data  which  were  not  available.  For 
specific  assximptions,  refer  to  the  attachment. 

3.  The  entire  Coastal  Plain  was  divided  into  82  subareas,  called  poly- 
gons, by  using  the  Thiessen  Method  of  polygon  construction.  The  complex 
system  of  aquifers  within  the  Coastal  Plain  was  represented  by  one  "equiv- 
alent aquifer" . 

k.  Water  levels  were  held  constant  at  9  of  the  82  polygons — 8  along  the 
coast  at  sea  level  and  one  in  the  area  of  rising  water  in  the  Montebello 
Forebay  at  I90  feet  elevation. 

5.  Geologic  data  were  analyzed  and  the  "transmissive  factor"  between 
polygons  and  "storage  factor"  within  each  polygon  was  estimated. 

6.  Historical  surface  hydrologic  data  were  analyzed  and  the  "surface 
inflow-outflow  factors"  at  each  polygon  were  determined  for  the  period 
19^6-^7  through  195o-57»  Also,  hydrographs  of  representative  ground 
water  level  fluctuations  during  the  saine  period  were  prepared  for  each 
polygon,  based  on  the  measurements  of  historical  ground  water  level 
elevations. 

7.  A  circuit  diagram  was  drawn,  illustrating  the  electrical  components 
of  the  analog  computer  and  their  interconnections.  Using  this  diagram, 
"patch  panels"  of  the  analog  computer  were  wired. 

8.  A  circuit  of  the  analog  computer  and  the  proper  initial  setting  of 
transmissive,  storage,  and  surface  inflow-outflow  factors  in  the  com- 
puter were  checked  by  the  dynamic  and  equilibrium  check  techniques  that 
were  developed  in  this  program.  Precalculated  water  level  elevations 
for  eax:h  polygon  were  used  in  the  dynajnic  check  of  the  analog  computer. 

9.  The  "checked"  analog  computer  circuit,  with  its  initial  "best  values" 
of  transmlssibility,  storage,  and  surface  inflow-outflow  factors,  was 
used  to  verify  the  reliability  of  the  mathematical  model.  The  water 
level  elevations  generated  by  the  computer  were  plotted  by  using  X-Y 
plotters  attached  to  the  analog  computer,  and  these  plots  were  compared 
with  the  hydrographs  of  historical  water  level  elevations  of  the  ground 
water  basins.  The  historicaLL  water  levels  were  matched  with  the  com- 
puted values  by  making  reasonable  adjustments  to  the  values  of  the  trans- 
mi  ssibility,  storage,  and  surface  inflow-outflow  factors  as  required. 
Decisions  and  adjustments  were  made  by  hydrologists  and  geologists,  who 
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isolated  and  quantified  the  basic  information  used  to  formulate  the 
mathematical  model. 

The  verified  model  made  it  possible  to  formulate  plans  within  the  bounds 
of  the  physical  characteristics  of  the  basins  and  to  obtain  operational 
information  required  for  those  plans.  Specifically,  the  model  was  used 
to  estimate  future  water  level  elevations  at  many  locations  in  the 
Coastal  Plain  for  numerous  combinations  of  planned  replenishment  and  ex- 
traction. These  water  level  elevations  were  converted  to  puniping  lifts, 
changes  in  the  amounts  of  ground  water  in  storage,  and  subsurface  flows 
among  various  areas  to  determine  the  number  of  facilities  required  smd 
the  cost  of  constructing,  operating,  and  maintaining  the  facilities. 

The  mathematical  model  of  the  Coastal  Plain  was  a  linear  system,  because 
the  transmissibility  and  storage  factors  were  fixed  and  did  not  vary 
with  the  change  of  water  level  elevations.  This  simplifying  approach 
was  taken  because  it  would  provide  satisfactory  operational  and  economic 
results  for  the  range  of  water  level  fluctuations  in  the  past,  and  also 
because  it  would  use  a  model  that  could  be  developed  within  the  time 
allotted.  Consequently,  the  water  level  elevations  varied  on  a  linear 
basis  with  the  rate  of  net  surface  water  inflow-outflow.  For  this  reason, 
the  technique  of  superpositioning,  which  is  explained  below,  was  selected 
to  estimate  the  required  water  level  elevations  for  each  alternative  plan 
of  operation. 

A  set  of  master  influence  functions  for  superpositioning  was  first 
developed  on  a  digital  computer  by  using  the  verified  mathematical  model. 
A  master  influence  function  is  defined  as  the  water  level  elevation  re- 
sponse at  each  polygon  from  an  action  of  100,000  acre-feet  per  year  rate 
of  net  inflow-outflow  from  the  surface  to  the  zone  of  saturation  in  a 
selected  polygon  or  a  group  of  polygons.  Because  the  ground  water  basin 
system  in  the  Coastal  Plain  was  treated  as  a  linear  system,  the  master 
influence  functions  were  additive,  raultiplicable,  and  relocatable  with 
respect  to  time.  Therefore,  the  technique  of  superpositioning  could  be 
used. 

Under  the  technique  of  superpositioning,  the  master  influence  functions 
were  multiplied  by  the  ratio  of  annual  ajDOunts  of  inflow  or  outflow  to 
the  100,000  acre-feet  of  subsurface  inflow  or  outflow  to  adjust  the  func- 
tions representing  the  effects  of  amounts  of  planned  extradition  or  re- 
plenishment. The  adjusted  influence  functions  corresponding  to  planned 
annual  extraction  or  replenishment  were  then  added  with  other  adjusted 
functions  representing  all  the  other  operational  actions  to  obtain  the 
resulting  water  level  elevations.  In  this  process,  the  adjusted  func- 
tions were  so  arranged  that  the  adjusted  functions  of  certain  years  were 
added  to  adjusted  functions  of  other  operational  actions  to  take  place 
during  corresponding  years.  This  technique  afforded  a  simple  and  flexi- 
ble tool  for  generating  future  average  annual  water  level  elevations 
from  the  present  through  1990  under  any  combination  of  replenishment  and 
extraction. 
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For  each  plan  analysed,  representative  annual  water  level  elevations  at 
each  polygon  were  determined  for  the  period  from  the  present  through 
1990,  and  the  pumping  lifts  at  the  polygons  were  determined  by  taking 
the  difference  between  average  ground  surface  elevations  and  representa- 
tive ground  ^-reiter  level  elevations.  Superpositioning  of  master  influence 
functions  is  explained  in  detail  in  Attachment  No.  6. 

Hydraulic  Analyses  of  the  Primary  Distribution  System 

The  maximum  delivery  capacity  of  the  primary  distribution  system  within 
the  Coastal  Plain  is  an  important  factor  in  the  operational  and  economic 
analyses  of  the  coordinated  operation  of  surface  and  ground  water  systems. 
As  mentioned  earlier  in  this  chapter,  the  Metropolitsin  Water  District's 
distribution  system  is  the  primsiry  facility  for  conveying  imported  sur- 
face water  within  the  Coastal  Plain;  accordingly,  this  system  was  closely 
analyzed. 

Data  on  the  maximum  delivery  capacity  were  needed  for  the  determination 
of  facilities  required  under  coordinated  operation  of  surface  and  ground 
water  supplies  and  facilities. 

To  obtain  the  required  information,  a  mathematical  model  of  the  District ' s 
existing  distribution  system  was  formulated,  as  were  models  for  the  ex- 
panded system  expected  to  be  available  for  distribution  of  imported  water 
in  the  Coastal  Plain  in  1972  and  I983.  In  1972,  the  first  major  expansion 
is  scheduled  to  be  completed  when  water  is  first  estimated  to  be  available 
through  the  West  Branch  Aqueduct  of  the  State  Water  Project.   In  1983,  a 
minor  expansion  of  the  system  is  scheduled  for  completion  in  the  West 
Coast  Basin. 

The  expanding  distribution  system  serving  the  Coastal  Plain  is  shown  on 
Plate  5.   It  consists  of  that  part  of  the  District's  system  which  is 
located  west  of  the  F.  E.  Weymouth  Softening  and  Filtration  Plant  on  the 
Upper  Feeder  and  the  R.  B.  Dieraer  Filtration  Plant  on  the  Lower  Feeder. 
These  treatment  plants  were  selected  as  boundary  controls  in  the  hydraulic 
analyses  of  the  primary  distribution  system  leading  into  and  within  the 
Coastal  Plain.  The  pressure  requirements  at  takeout  connectors  and  con- 
trol structures  were  checked  in  the  process  of  approximating  the  maximum 
delivery  at  adequate  pressure. 

The  general  steps  taken  to  formulate  ami  use  the  mathematical  model  of 
the  distribution  system  are  as  follows: 

1.  Boundary  control  and  internal  control  structures  were  analyzed,  and 
the  dimensions  of  the  pipelines  in  the  primary  distribution  system  were 
determined.  Also,  the  locations  of  takeout  connectors  and  the  eireas 
which  they  serve  were  determined. 

2.  The  complex  system  of  pipelines,  controls,  and  takeout  connectors  was 
represented  by  a  set  of  80  equiveilent  taJceout  connectors  and  95  equiveilent 
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pipelines  of  various  lengths  and  diameters.  This  equivalent  system 
hydraulically  represented  the  existing  and  proposed  networks  of  the  pri- 
mary distribution  system. 

3.  The  "roughness  factors"  for  all  equivalent  pipelines  were  determined 
on  the  basis  of  normal  operating  conditions  of  the  distribution  system. 

k,     A  generalized  pipeline  network  equation  that  defined  the  transmissive 
and  water  takeout  characteristics  of  the  pipeline  networks  was  derived. 
This  equation  was  developed  by  using  the  continuity  equation,  as  it  is 
related  to  pipeline  networks  and  the  Hazen-Williams  flow  relationship. 
The  generalized  pipeline  network  equation  takes  the  form: 


^i  (hi  -  hg)  Yi^B  +  Qb  =  0- 


Q  represents  the  rate  of  takeout  at  connectors  and  h  represents  the  pres- 
sure head  at  the  connectors.  Y  is  a  conductance  factor  which  is  a  func- 
tion of  the  physical  characteristics  of  pipelines.  The  takeout  connector 
of  interest  is  expressed  by  subscript  B,  and  all  the  surrounding  takeout 
connectors  by  subscript  i.  The  first  term  on  the  left-hand  side  of  the 
equation  is  the  summation  of  pipe  flows  between  a  takeout  connector  B  and 
its  surrounding  connectors  i.  The  second  term  describes  the  amount  of 
takeout  from  connector  B.  A  set  of  these  equations  representing  the 
hydraulic  relationship  among  all  the  takeout  connectors  in  the  study  area, 
with  proper  values  of  coefficients,  is  referred  to  as  a  mathematical 
model  of  the  surface  distribution  system. 

5.  A  set  of  assumptions  was  made  for  various  factors,  such  as  roughness 
of  pipes  and  head  loss  at  connectors,  to  represent  physical  and  dynamic 
characteristics  of  the  primary  surface  distribution  system. 

6.  A  digital  computer  program  was  developed  for  computing  rapidly  the 
dynamic  pressure  responses  in  the  equivalent  network  under  different 
ajnounts  of  takeout  from  the  connectors  of  the  system, 

7.  The  maximum  conveyance  capacity  of  each  of  the  equivalent  networks 
representing  the  surface  distribution  system  at  the  different  periods 
specified  in  the  study,  from  I963  to  1972,  from  1972  to  1983,  and  from 
1983  to  1990,  was  determined. 

In  approximating  the  maximum  delivery  rate  of  pipeline  networks,  the 
following  criteria  for  maximum  delivery  were  established:   (l)  pressures 
at  all  or  nearly  all  of  the  takeout  connectors  must  be  equal  to  or  more 
than  65  pounds  per  square  inch,  and  (2)  a  larger  delivery  rate  will  not 
satisfy  the  pressure  requirements  for  any  assumed  takeout  patterns. 
.'Vmounts  of  taJceout  then  were  assumed  for  various  connectors,  and  pres- 
sure responses  at  8lL1  takeout  connectors  and  control  structures  were 
computed  on  a  digital  computer  by  using  the  mathematical  model  of  the 
equivalent  distribution  system.  When  resulting  pressure  responses  were 
lower  than  the  desired  pressure,  the  pattern  of  takeout  was  changed,  but 
the  total  amount  of  delivery  was  kept  the  same  so  that  the  pressure 
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could  be  raised.  Pressure  anaJLyses  vere   made  for  a  number  of  takeout 
patterns  until  the  pressure  requirement  was  satisfied,  or  until  it  became 
apparent  that,  with  the  assumed  rate  of  delivery,  there  was  no  pattern 
that  could  satisfy  the  pressure  requirement.  When  the  computed  pressures 
at  all  connectors  were  higher  than  the  desired  pressure,  the  total  amount 
of  talieout  was  increased  and  the  pressure  analyses  were  again  made.  This 
process  was  continued  until  the  established  criteria  were  satisfied.  The 
final  selected  delivery  rates  represent  an  approximation  of  the  maximum 
delivery  rates  of  the  pipeline  network  analyzed. 

The  maximum  amount  of  delivery  to  each  economic  area  was  then  assumed  to 
be  equal  to  the  amount  which  was  used  for  the  connectors  in  that  area  in 
establishing  the  pattern  of  maximum  takeout.  Results  of  these  analyses 
are  shown  in  Table  7.  Detailed  information  on  the  formulation  and  appli- 
cation of  the  mathematical  model  of  pipeline  networks  is  presented  in 
Attachment  No.  k. 


Analyses  of  Unit  Cost  of  Water  Supplies, 
Facilities  and  Electrical  Energy 

To  arrive  at  a  cost  of  each  plan  of  operation,  unit  price  and  cost  of 
water  supplies  and  unit  costs  of  facilities  and  electrical  energy  were 
estimated.  Annual  unit  costs  of  faxzilities  and  electrical  energy  were 
used  in  arriving  at  the  most  economical  combination  of  pumping,  boosting, 
sind  storage  facilities  required  to  meet  the  future  demand  for  applied 
water,  as  is  described  in  Chapter  III.  A  detailed  discussion  of  the  unit 
cost  analyses  of  water  supply  facilities  and  elect-^ical  energy  that  are 
summarized  here  is  presented  in  Attachment  Nos.  7  ancL  8. 

It  is  emphasized  that  the  costs  of  the  primary  distribution  system 
within  the  Coastal  Plain  are  included  in  the  cost  of  water  imported  by 
various  agencies.  The  only  exception  is  the  cost  of  laterals  required 
in  addition  to  existing  and  proposed  distribution  pipelines  in  the 
eastern  portion  of  the  Coastal  Plain,  since  the  cost  determination  of  the 
laterals  and  projects  could  not  be  made  readily  through  unit  cost 
ansLLysis.  The  cost  determination  for  these  laterals  is  discussed  later 
in  this  chapter. 

Unit  Prices  and  Unit  Costs  of  Imported  Water  Supplies 

Unit  costs  v/ere  determined  for  water  imported  by  the  Los  Angeles  Department 
of  Water  and  Power,  reclaimed  water  and  ground  water  imported  from  the 
San  Gabriel  Valley  by  various  agencies,  and  water  imported  by  The 
Metropolitan  Water  District  of  Southern  California. 

Water  imported  by  the  City  of  Los  Angeles  from  the  Mono-Owens  Valley  and 
the  San  Fernando  Valley  costs  approximately  $20  per  acre-foot,  based  on 
information  obtained  from  the  city.  This  cost  represents  the  average 
total  cost  of  water  from  the  two  sources.  It  includes  capital  costs  of 
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TABLE  7 

COMPUTED  MAXIMUM  DELIVERY  CAPACITY  AVAILABLE  TO 
THE  COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY 
FROM  THE  PRIMARY  DISTRIBUTION  SYSTEM 


Economic  area 


Period  of 
delivery 


Computed  maximum  delivery  capacity 


Gallons 
per  minute 


Cubic  feet 
per  second 


1 

1963-72 
1972-83 
1983-90 

23,000 
75,000 

81,000 

51 

167 

182 

2 

1963-72 
1972-83 
1983-90 

11,000 

11,000 
11,000 

25 
25 
25 

3 

1963-72 
1972-83 
1983-90 

172,000 

201,000 

199,000 

385 

kk9 
10^5 

1^ 

1963-72 
1972-83 
1983-90 

UU,ooo 
70,000 

73,000 

99 

156 

162 

5 

1963-72 
1972-83 
1983-90 

19,000 
23,000 
26,000 

k2 

51 

57 

6 

1963-72 
1972-83 
1983-90 

86,000 
156,000 

l81+,000 

192 
31^8 

Ull 

7 

1963-72 
1972-83 
1983-90 

lU,000 
U2,000 
i+5,000 

31 

91^ 

100 

8 

1963-72 
1972-83 
1983-90 

i^3,000 
lUO,000 
1^2,000 

95 

312 
318 

9 

1963-72 
1972-83 
1983-90 

92,000 
166,000 
177,000 

206 
371 

39^ 

10 

1963-72 
1972-83 
1983.90 

26,000 

i^8,000 

52,000 

57 

108 

116 

TOTAL  DELIVERY 

1963-72 
1972-83 
1983-90 

530,000 
932,000 
990,000 

1,183 

2,081 

2,210 

.3U. 


all  water  facilities  and  fixed  and  variable  operation  and  maintenance 
expenses  associated  with  those  facilities.  It  does  not  include  distri- 
bution costs  to  consumers,  which  were  considered  to  be  common  to  all 
plans. 

Information  concerning  extraction  costs  at  well  sites  in  the  San  Gabriel 
Valley  was  obtained  from  the  agencies  extracting  and  importing  the  ground 
water  to  the  Coastal  Plain.  Estimated  unit  costs  of  distribution  pipe- 
lines, including  capital  costs  and  fixed  and  variable  operation  and  main- 
tenance costs,  were  added  to  the  extraction  costs.  This  total  amounted 
to  about  $20  per  acre-foot.  Based  on  the  present  price  paid  by  the 
Central  and  West  Basin  Water  Replenishment  District,  the  charge  for  water 
reclaimed  at  the  Whittier  Narrows  Water  Reclamation  Plant  was  considered 
to  be  the  same  as  the  Metropolitan  Water  District's  price  of  untreated 
water  for  spreading. 

For  this  study,  the  unit  cost  of  Metropolitan  Water  District  water  was 
considered  to  be  the  price  charged  by  the  District  to  water  purveyors  in 
the  Coastal  Plain.  These  prices  vary  with  the  type  of  treatment  required 
for  each  use:   softened  water  for  domestic  use,  filtered  water  for  injec- 
tion, and  untreated  water  for  spreading. 

In  addition  to  the  direct  payment  made  to  the  Metropolitan  Water  District 
by  member  agencies  for  each  acre-foot  of  water  used  by  those  agencies, 
the  District  levies  an  ad  valorem  tax  to  raise  part  of  its  revenues  for 
meeting  debt  service  and  operating  requirements.  In  this  study,  the  tax 
revenues  originating  from  the  Coastal  Plain  were  not  included  in  the  unit 
costs  of  water,  but  were  added  to  the  total  cost  of  operation  after  the 
cost  of  all  other  items  was  determined.  Specifically,  total  cost  of  water 
service  was  determined  by  first  computing  the  present  worth  of  revenues 
from  water  sales,  based  on  assumed  pricing  schedule,  and  then  adding  the 
present  worth  of  the  ad  veLLorem  water  taxes  paid. 

The  pricing  schedules  applicable  up  to  19^7  had  been  established  by  the 
District  when  this  study  was  conducted,  but  no  definite  schedule  or 
pricing  policy  had  been  announced  for  the  subsequent  years.  To  meet  the 
needs  of  this  investigation,  alternative  pricing  schedules  for  the  period 
after  I967  were  developed  on  the  basis  of  three  different  sets  of  assump- 
tions, representing  a  wide  range  of  possible  variations  in  the  total 
money  paid  by  the  Coastal  Plain  for  water  service  from  the  District. 
These  three  price  schedules  were  used  to  provide  comparative  economic  in- 
formation on  the  five  plans  of  operation  selected  for  detailed  analysis. 
A  discussion  of  the  analyses  of  these  five  plans  of  operation  is  given  in 
Chapter  IV  and  further  discussion  is  made  regarding  the  impact  of 
cheinging  conditions  on  the  price  of  water. 

Because  each  set  of  assumptions  under  which  the  price  schedules  were 
determined  entails  a  lengthy  description,  these  assumptions  are  not  given 
in  detail  each  time  the  specific  price  schedule  is  mentioned.  Also,  for 
convenience,  the  studies  are  referred  to  as  price-of -water  studies  No.  I, 
II,  and  III.  A  sximmary  of  the  assumptions  is  shown  in  Table  8,  and  the 
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TABIf  0 

ajmua  op  KssutviTOVs  for  nacB-op-HAffER  arour 


Asau^tiona  co^kjd  to  all  thi««  prlce-of-uat«r  studlea 


1.     Tha  9t«t«  ifat«r  Project  aquaduct  eyatea  will  be  constructed  according  to  the   echedula  outllnad   In  Plan  3 
of  tba  Dapartaant  of  Water  Rcaourcaa  offlca  report,   "A  Study  of  tba  Optlnua  Dlvlsloo  and  TlBlng  of 
VrnfT  Deliveries  Between  East  and  West  Branchaa  of  the  California  Aqueduct,"  March  1962. 

8.     Tha  diatrlbutlon  oystea  will  be  constructed  according  to  the  construction  schedule  (Mtlloed  in  cctae 
Ho.   7  of  The  Mrtropolitan  Water  District  of  Southern  California  Report  Ho.   802. 

3.     All  user*  will  be  charged  an  e<iual  unit  rate  for  untreated  water,  and  cost  of  treating  raw  water  will 
be  choiiged  only  to  the  users  of  treated  water. 

k.     The  water  rates  until  I967  will  be  those  already  established  by  the  District. 


Assuiqrtlons  for 
Price-of-Water  Study  Ho. 


Assusptions  for 
Price-of -Water  Study  Ho. 


II 


Assumptions  for 
Prlce-of -Water  Study  Ho. 


in 


I-l    The  aoount  of  water  ii^jorted         II-l    The  aaount  of  water  im>orted       HI-I     The  aaount  of  water  l^aorted 


1-2 


by  the  District  to  its 
service  area  will  be  as  spe- 
cified In  the  District's 
Report  Ho.  802. 


nie  price  of  waiter  after 
1967  will  increase  at  the 
historical  rate  until  I969 
at  which  tiae  the  price  is 
to  be  equal  to  the  cost  of 
lap>rting  water. 


n-2 


by  the  District  to  its 
service  area  will  vary  in 
direct  proportion  to  the 
variation  in  anount  of 
ii^nrted  water  to  the 
Coastal  Plain. 

The  prices  of  water  will  be 
as  establiabad  in  Prlce-of - 
Water  Study  Ho.    I.     Dafl- 
ciency  in  revenue  will  be 
borne  by  od  valorea  tax 
revenue. 


m-2 


by  the  District  to  Its 
service  area  will  vary  la 
direct  proportion  to  the 
variation  in  aaount  of 
iaported  water  to  the 
Coastal  Plain. 

Fifty  percent  of  the 
ci^ltal  cost  will  be  borne 
by  ad  valorea  tax  revanue, 
and  tha  reaalnlng  cost  of 
i^orting  water  will  be 
boroa  by  sales  reTanue. 


established  and  estimated  pricing   schedules  of  the  District's  water  under 
price-of -water  studies  No.   I  and  II  are   shown  in  Table  9. 

The  pricing   schedule  under  price-of -water  No.   Ill,   from  19^3  to  19^7^    is 
the   same  as  that  shown  in  Table  9  beginning  in  19^7^   however,   the 
pricing   schedule  will  depend  on  the  plan  of  operation.     For  the  five 
selected  plans  of  operation,   the  price  per  acre-foot  ranged  from  $33«1^ 
to  $35.^2  for  untreated  waters,   $37.1^  to  $39-^2  for  filtered  water,    and 
$1+2.14  to  $i<-3.i<-2  for  softened  and  filtered  water. 


Unit  Costs  of  Facilities  to  ?-feet 
Applied  Water  Demand 

Annual  unit  costs  were  determined  for  elevated  storage  tanks,    connectors 
to  the  primary  distribution  system,   well  pumping  plants,    and  booster 
plants  in  each  of  the  10  economic   subareas.     The  unit  annual  cost  of  each 
of  these  groups  of  facilities  represents  a  combination  of  cost  components 
as  follows: 
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TABLE  9 

ESTABLISHED  AND  ESTIMATED   PRICE  OF  WATER  SCHEDULE  OF  THE  METROPOLITAN  WATER  DISTRICT  OF 

SOUTHERN  CALIFORNIA  FROM  I963  THROUGH  1990  IN  THE  OPERATIONAL-ECONOKIC   STUDY  OF  THE 

GROUND  WATEK   BASINS   IN  THE  COASTAL  PLADJ  OF  LOS  ANGELES  COUNTY  FOR 

PRICE-0F-V;ATER  study  IIos.   I   AND  II 

In  dollars  per  acre-foot 


From 


To 


For  agriculture  and 
ground  water  replenishment 


Untreated  '  Filt^ired 


: Filtered  and 
softened 


For  other  purposes  including 
dcocstic  use 


Untreated  '  Filtered 


Filtered  and 
softened 


1-1-62 

1-1-63 

$13.50 

~ 

$21.50 

$19.00 

— 

$27.00 

1-1-63 

7-1-63 

IU.25 

— 

22.25 

21.00 

— 

29.00 

7-1-63 

1-1-6U 

lU.25 

$22,25 

22.25 

21.00 

$29.00 

29.00 

1-1-6U 

7-1-6U 

15.00 

20.00 

23.00 

2U.OO 

29.00 

32.00 

19SU 

1965 

15.25 

20.25 

2U.25 

25.00 

30.00 

3'*. 00 

1965 

1966 

16.00 

21.00 

25.00 

26.00 

33.00 

37.00 

1966 

1967 

17.00 

22.00 

26.00 

31.00 

36.00 

uo.oo 

1967 

1968 

3't.OO 

39.00 

U3,00 

3U.OO 

39.00 

U3.00 

1968 

1969 

37.00 

U2.00 

U7.OO 

37.00 

1*2. 00 

U7.00 

1969 

1990 

Ul.OO 

1>5.00 

U9.OO 

Ul.OO 

1*5. 00 

U9.00 

1.  Annual  unit  cost  of  a  pumping  plant  included  costs  of  veil  and 
casing,  motor  and  pump,  meters,  valves,  housing,  electrical  wiring, 
right-of-way,  and  maintenance.  The  pumping  unit  was  assumed  to  be 
rated  at  100  horsepower  and  to  have  an  economic  life  of  20  years. 

2.  Annual  unit  cost  of  a  booster  plant  included  costs  of  motor,  pump, 
valves,  meters,  control  housing,  and  maintenance.  The  booster  unit  was 
assumed  to  be  rated  at  100  horsepower,  and  to  have  an  economic  life  of 
20  years. 

3.  Annual  unit  cost  of  elevated  storage  tanks  included  costs  of 
fabrication,  erection,  piping,  normal  accessories,  right-of-way,  and 
maintenance.  The  elevated  storage  tank  unit  was  assumed  to  have  a 
capacity  of  500,000  gallons  and  to  have  an  economic  life  of  100  years. 

k.     Annual  unit  cost  of  connectors  included  costs  of  excavation,  back- 
fill, concrete  and  steel,  resurfacing,  side  outlet,  meter,  valves,  pipes, 
other  accessories,  and  maintenance.  The  connector  unit  was  assumed  to 
be  rated  at  10  cubic  feet  per  second  and  to  have  an  economic  life  of 
100  years. 
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The  annual  unit  costs  of  facilities  were  determined  by  first  obtaining 
the  average  unit  capacity  of  different  facilities  and  subsequently  ob- 
taining average  fabrication  and  installation  costs  from  surveys  of  cost 
information  obtained  from  various  maniofacturers  and  water  agencies. 
Assuniptions  used  in  determination  of  the  annual  unit  costs  include 
interest  rates  of  U.5  percent  and  the  appropriate  average  life   spans  of 
facilities,   based  on  data  from  local  water  supply  agencies.     All  annual 
unit  costs  were  adjusted  to  19^3  cost  level  by  using  the  Engineering 
News-Record  Construction  Cost  Index.     The  annual  unit  costs  of  each  of 
these  facilities  are  presented,  by  economic  areas,    in  Table  10. 

TABLE  10 

ANNUAL  UNIT  COSTS  OF  WATER  SUPPLY  FACILITIES  BY 
ECONONCEC  AREAS  IN  THE  COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY 

Economic   :    T^.a    '•       -d       ^            '•     n           x.          -ax.           b 
Pump**       Booster     Connector    Storage 
area : : ; ; _^ 

$1,850  $5,800 

1,850  6,000 

1,850  6,000 

1,850  5,700 

1,850  5,500 

1,850  5,700 

1,850  5,600 

1,850  5,500 

1,850  5,500 

1,850  5,600 


a.  Variations  in  annual  unit  costs  were  due  to  differences  in  right- 

of-way  costs,  average  depth  of  well,  and  average  diameter  of  well, 

b.  Variations  in  annual  unit  costs  were  due  to  differences  in  right- 

of-way  costs. 


Unit  Cost  of  Electrical  Energy 

Annual  unit  cost  of  electrical  energy  and  electrical  service  connection 
charges  were  determined  from  the  current  rate  schedules  of  the  Southern 
California  Edison  Company,  a  major  supplier  of  electricsil  energy  in  the 
area.  These  cost  data  were  subsequently  used  to  determine  the  annuaJ. 
cost  of  energy  and  the  charge  for  service  connection  of  pumping  and 
booster  units,  each  having  a  lOO-horsepower  rated  capacity. 

These  rate  schedules  were  translated  into  three  cost  equations  to  ac- 
count for  the  changes  in  rates  with  increasing  electrical  energy  use. 
Each  equation  is  related  to  use  factors  for  a  lOO-horsepower  booster  or 
pumping  unit.  These  equations  are  presented  below: 


1 

$1,800 

$460 

2 

2,300 

1^60 

3 

2,1^00 

k6o 

k 

1,960 

h6o 

5 

1,200 

1^60 

6 

1,500 

1^60 

7 

1,500 

1^60 

8 

i,Uoo 

1+60 

9 

i,Uoo 

1^60 

10 

1,700 

1^60 
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1.     For  use  fsictors  (UF)  from  0  to  15  percent, 
Uel=      [(°.°136DollarS)(6s|°^)(t;,)(t^,)] 


2.     For  use  factors  from  15  to  30  percent, 

TT               r^0.0082  Dollars^^6530  KWHR^/,^^   ^   _   ,  1-^   , 
"e2  =      [( mm ^^     HP-YR     >^^'  "■  5.^J(HPu) 


KWHR  ' '      HP-YR 

3.     For  use  factors  from  30  to  100  percent, 

Ue3  =      [(^^^^%^i^)(%^)(UF)  ^  9.0]  (HPu) 

Derivation  of  the  above  three  equations,  together  with  a  detailed  discus- 
sion of  unit  costs,  is  presented  in  Attachment  No.  7« 

For  estimating  the  annual  service  charge  for  electrical  connections  for 
pumps  and  boosters,  an  annual  unit  connection  charge  equal  to  $650  for 
each  lOO-horsepower  unit  of  pump  or  booster  was  used  in  this  study. 


Annual  Cost  of  Laterals 

Annual  costs  for  laterals  in  the  Coastal  Plain  were  determined  to  complete 
the  total  cost  of  proposed  future  facilities.  These  laterals  supplement 
the  existing  and  proposed  future  primary  distribution  system.  The  annual 
costs  of  laterals  were  based  on  an  average  unit  cost  of  $1.90  per  foot  of 
pipe  per  inch  of  diameter.  This  unit  cost  includes  the  cost  of  all  appur- 
tenances and  regulation  stations  and  is  based  on  costs  of  past  construc- 
tion projects  compiled  by  the  City  of  Los  Angeles  Department  of  Water  and 
Power.  The  annual  costs  of  laterals  from  I963  to  1990,  for  the  five 
selected  plans  of  operation,  ranged  from  $l80,000  to  $360, 000  annually. 

The  method  used  to  determine  annual  costs  and  I963  present  worths  of  costs 
is  shovm  in  more  detail  in  Attachment  No.  8, 


Annual  Costs  of  Recharge  Facilities 

Annual  costs  were  determined  for  the  existing  spreading  grounds  and  injec- 
tion barriers,  and  proposed  or  potential  injection  barriers  that  are 
assumed  to  be  operated  by  the  Los  Angeles  County  Flood  Control  District. 
Annual  costs  for  the  V/est  Coast  Basin,  Santa  Monica  Basin,  Dominguez  Gap, 
and  Los  Alamitos  Gap  Barrier  Projects  were  estimated  by  analyzing  cost 
estimates  presented  in  feasibility  reports  by  the  Flood  Control  District. 
Items  considered  in  the  cost  analyses  of  barrier  projects  included  con- 
nection to  the  primary  distribution  system,  distribution  lines  from  the 
connectors  to  injection  wells,  recharge  wells,  observation  wells,  measur- 
ing equipment,  and  chlorination  facilities.  The  costs  for  each  of  these 
four  projects  are  given  in  Table  11. 
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TABLE  11 

ESTIMATED  ANNUAL  COSTS  OF  INJECTION  BARRIERS  IN  THE 
COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY^ 

Barrier  project  | Estimated  range  of  annual  costs^ 

West  Coast  Basin  $253,000  to  $327,000 

Los  Alamitos  $139,000  to  $23^4-, 000 

Dominguez  Gap  $100,000  to  $li|i(-,000 

Santa  ^bnica  0  to  $  U7,000 


a.  Includes  the  costs  of  existing,   proposed,    and  assumed  facilities. 

b.  Varies  with  each  plan  of  operation. 

The  method  used  to  determine  the  cost  of  assumed  barrier  facilities  is 
presented  in  Attachment  No.   8. 

For  spreading  of  untreated  vra,ter  in  the  existing  recharge  basins  in  the 
Montebello  Forebay,   a  nominal  cost  of  $1.25  'oer  acre-foot  for  operation 
and  maintenance  of  these  spreading  grounds  was  included  in  this  study. 
This  amount  is  based  on  estimates  made  by  the  Los  Angeles  County  Flood 
Control  District. 
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CHAPTER  III.   FORMULATION  AND  ANALYSES  OF 

ALTERNATIVE  PLANS  OF  OPERATION 


The  operational  and  unit  cost  data  were  used  in  the  analyses  of  alterna- 
tive plans  of  operation  for  determining  the  required  surface  and  ground 
water  supplies  and  facilities  and  related  costs.  This  information, 
along  with  cost  comparisons  of  alternative  plans,  forms  the  basis  for 
selection  of  an  optimum  plan  of  operation. 

Described  in  this  chapter  are  the  formulation  of  alternative  plans  of 
operation,  the  simulation  of  coordinated  operation  of  surface  and  ground 
water  facilities  in  the  analyses  of  each  plan  of  operation;  the  economic 
comparison  of  alternative  plans;  and  finally,  the  selection  of  five 
plans  of  operation  for  detailed  analysis. 


Formulation  of  Alternative  Plans  of  Operation 

Alternative  plans  of  operation  were  formulated  within  certain  bounds. 
The  first  requirement  was  that  the  usefulness  of  ground  water  basins  as 
media  for  the  storage  and  transmission  of  fresh  water  would  be  preserved. 
The  second  requirement  was  that,  under  each  plan,  ground  water  supplies 
and  related  facilities  must  be  used  in  coordination  with  surface  sup- 
plies and  facilities  to  satisfy  the  physical  demands  specified  in  the 
objective  of  the  investigation.  The  coordinated  use  of  surface  and 
ground  water  supplies  and  facilities  is  schematically  illustrated  on 
Plate  6.  Another  requirement  was  that  each  plan  must  be  expressed  in 
terms  of  a  water  supply  schedule  that  was  designed  to  meet  identical 
schedules  of  water  demands.  The  identical  schedule  was  assumed  because 
of  the  anticipated  small  changes  in  demand  with  change  in  price  of  water. 

Furthermore,  all  plans  of  operation  were  handled  in  the  same  manner  for 
consistency  and  convenience.  Each  alternative  plan  for  meeting  the 
future  water  demand  schedules  was  expressed  in  terms  of  a  schedule  of 
annual  ground  water  extractions  from  the  study  area.  The  remaining 
demeind  to  be  met  by  imported  surface  water  was  identified  as  a  complemen- 
tary schedule  to  the  corresponding  plan  of  ground  water  extraction. 

Because  the  required  product  of  this  phase  of  the  investigation  was  the 
development  of  operational  and  economic  information  that  would  be  used  as 
a  guide  in  postulating  the  optimum  management  of  ground  water  basins,  it 
was  necesssiry  to  describe  the  relationship  between  operational  variables 
and  the  operational-economic  effects  of  such  variables.  To  obtain  the 
required  information,  the  variable  factors  of  operation  \^re  identified 
and  the  operating  limits  for  each  variable  were  established.  Within 
these  limitations,  operational  schedules  were  established  for  each  va- 
riable, and  these  schedules  were  combined  to  formulate  alternative  plans 
of  operation. 
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The  range  of  operational  possibilities  for  meeting  the  water  demands  of 
the  study  area  is  wide  with  respect  to  combining  the  use  of  surface  and 
ground  water  supplies  and  facilities.  All  the  demands  for  delivered 
water  during  the  study  period  could  be  met  either  with  imported  surface 
water  or  with  locally  pumped  ground  water  presently  stored  in  the  aqui- 
fers and  supplemented  by  annual  deep  percolation  of  freshwater  and  sub- 
surface inflow.  The  imported  water  could  be  delivered  through  an 
all-surface  distribution  system  or  by  an  all -ground-water  system. 
Between  these  extremes,  the  water  demands  could  be  met  by  many  variations 
of  coordinated  use  of  surface  and  ground  water  supplies  and  facilities. 

Operational  possibilities  for  utilizing  the  ground  water  in  storage  are 
also  wide.  Under  a  plan  of  operation  designed  to  halt  saline  intrusion 
by  the  creation  of  a  seaward  freshwater  gradient  in  the  aquifers,  the 
amount  of  ground  water  in  storage  would  increase,  because  the  present 
water  levels  are  far  below  sea  level  in  most  of  the  Coastal  Plain.  In 
the  plans  where  freshwater  barriers  would  be  used  to  halt  saline  intru- 
sion, the  amount  of  ground  water  in  storage  could  either  increase, 
remain  unchanged,  or  decrease.  The  alternative  plans  of  operation  that 
were  studied  in  the  investigation  encompasses  the  entire  range  of  possi- 
ble variations. 


Operational  Variables 

The  controllable  factors  in  the  operation  of  the  ground  water  basins  are 
the  timing,  amounts,  and  location  of  both  extraction  and  artificial  re- 
plenishment. However,  in  this  study,  the  locations  of  spreading  and 
injection  projects  were  fixed.   In  addition,  the  method  of  preventing 
saline  intrusion  was  a  factor  of  major  consideration.  These  factors 
were  expressed  in  terms  of  four  operationsil  variables:   (l)  spreading 
schedule  of  imported  water  at  Montebello  Forebay,  (2)  methods  of  preven- 
ting saline  intrusion,  (3)  pattern  of  ground  water  extraction,  and 
(U)  schedules  of  ground  water  extraction. 

A  group  of  fixed  factors — the  deep  percolation  of  applied  water,  precip- 
itation, stormflow,  rising  water,  and  reclaimed  water — were  also 
expressed  as  schedules  of  future  ground  water  replenishment.  These 
schedules  of  uncontrollable,  or  fixed,  ground  water  replenishment  were 
applied  to  all  plans  of  operation  without  variation,  along  with  subsur- 
face inflow  schedules  at  the  Orange  County-Los  Angeles  County  boundary, 
the  Whittier  Narrows,  and  the  Los  Angeles  Narrows. 


Limitations  on  Operational  Variables 

Before  combining  the  operational  variables  to  formulate  alternative 
plans  of  operation,  operational  limitations  on  some  of  the  variables 
were  established,  where  applicable,  to  assure  that  all  the  plans 
studied  were  physically  possible.  These  limits  also  reduced  the  number 
of  plans  to  be  studied  to  a  reasonable  range.  Limitations  were 
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established  on  the  spreading  at  Kiontebello  Forebay,  method  of  preventing 
sea-water  intrusion,  and  the  pattern  and  amounts  of  extraction. 


Spreading  at  ^bntebello  Forebay.  As  mentioned  in  Chapter  II,  it  was  con- 
cluded that  there  vrould  be  no  advantage  in  constructing  additional 
spreading  grounds.  The  feasibility  and  necessity  of  establishing  limits 
on  the  annual  amounts  of  spreading  of  local  and  imported  waters  at 
I'bntebello  Forebay,  therefore,  were  based  on  continued  use  of  existing 
spreading  grounds  which  have  more  spreading  capacity  than  the  amount  of 
spreading  considered  for  this  study.  Two  conditions  were  analyzed  in 
studying  possible  limitations:   (l)  the  availabilitv  of  imported  water 
to  be  spread  and  (2)  the  ivaterlogging  that  might  result  from  sustained 
spreading  of  large  amounts  of  water. 

The  availability  of  imported  water  to  be  spread  at  Montebello  Forebay 
would  be  limited  by  the  total  amount  of  imported  water  deliverable  to 
the  Coastal  Plain  and  the  varying  need  to  meet  applied  water  demands 
with  imported  vrater.  This  availability  varies  with  each  plan  of  opera- 
tion. The  limitation  was  determined  by  first  computing  the  upper  limit 
of  imported  water  that  could  be  delivered,  by  analyses  of  delivery 
systems,  and  then  determining,  for  each  plan,  the  anxsunt  of  imported 
water  required  to  meet  the  applied  water  demand  and  the  injection 
demand  to  prevent  saline  intrusion.  The  difference  between  the  two 
amounts  was  considered  to  be  available  for  spreading.  Alternative  plans 
were  formulated  that  v/ould  keep  the  annual  amounts  of  spreading  equal  to 
or  less  than  the  annual  amount  of  imported  water  available  for  spreading. 

The  spreading  of  imported  water  would  also  be  limited  by  high  water 
tables  that  may  cause  waterlogged  conditions  in  or  away  from  the 
spreading  area.  The  waterlogging  limitation  on  spreading  varies  vrLth  the 
amounts  and  locations  of  extraction.  An  approximate  relation  betvreen 
waterlogged  conditions  and  the  combination  of  spreading  and  extraction 
schedules  \>ras  established  by  preliminary  analyses  of  \mter  level  eleva- 
tion responses  of  many  plans  of  operation  under  the  195^-57  pumping 
pattern. 

This  relationship  vras  determined  by  plotting  the  maximum  sustained 
annual  amounts  of  spreading  for  each  of  the  selected  extraction  schedules 
that  would  not  cause  ^raterlogging.  A  line  of  best  fit  was  drawn  through 
the  plotted  points  to  represent  the  approximate  relationship.  The  graph 
showing  this  relationship  is  shown  on  Figure  k. 

Figure  k   also  shows  the  approximate  mandatory  minimum  amount  of  pumping 
that  has  to  be  continued  to  prevent  waterlogging  that  would  result  from 
natural  recharge,  without  spreading  of  imported  water.  This  amount  was 
approximately  127,000  acre-feet,  which  is  40  percent  of  318,000  acre- 
feet,  the  amount  extracted  in  the  water  year  195°-57' 

By  using  the  graph,  plans  of  operation  ^■rere   formulated  that  appeo-ently 
did  not  produce  waterlogging;  however,  a  further  check  was  needed.  For 
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NOTE;  THE  Curve  was  based  on  water  level  elevation  data  computed 

UNDER  1956-57  GROUND  WATER  INFLOW-OUTFLOW  CONDITIONS  AND 

PUMPING    PATTERN 


AREA  REPRESENTING  COMBINATIONS  OF  CONTINUOUS 
EXTRACTION  AND  IMPORTED  WATER  REPLENISHMENT 
THAT  MAY  CAUSE  WATER  LOGGING 


AREA  REPRESENTING  COMBINATIONS  OF  CorjTiNuOUS 
EXTRACTION  AND  IMPORTED  WATER  REPLENISHMENT 
THAT  ARE  NOT  LIKELY  TO  CAUSE  WATER  LOGGING 


AVERAGE    ANNUAL  GROUND  WATER  EXTRACTION  IN   PERCENT  OF  1957  EXTRACTION  (318,000  ACRE-fEET) 


Figure   4 
RELATION   BETWEEN  APPROXIMATE  LIMITATION  ON  SPREADING  OF  IMPORTED 
WATER  AT  MONTEBELLO  FOREBAY  SPREADING  GROUNDS 
AND  THE  AMOUNT  OF  GROUND  WATER  EXTRACTION 


MENT  OF  WATER  RESOURCES,  SOUTHERN  DISTRICT,  1966 


this  purpose,  a  computer  program  \ra.s   written  that  checked  for  v/aterlog- 
ging  and  modified  spreading  schedules  downward  until  waterlogging  in  the 
Coastal  Plain  was  eliminated.  For  this  check,  the  annual  average  water 
level  elevations  in  all  nodes  in  the  unconfined  areas  were  investigated 
during  the  study  period.  Vlien  the  water  level  elevations  rose  to  ^^rlthin 
20  feet  of  the  average  ground  surface  elevations  of  the  nodes,  waterlog- 
ging was  considered  to  occur.  All  plans  of  operation  studied  were 
checked  by  this  procedure. 


Methods  of  Preventing  Sea-Water  Intrusion.  As  stated  earlier,  one  of 
the  physical  objectives  was  to  halt  sea-v/ater  intinasion  into  the  Coastal 
Plain,  thus  preserving  the  functional  usefulness  of  the  ground  water 
basins.  To  be  consistent  vri.th  this  objective,  schemes  of  operation 
that  would  allow  continued  sea-v/ater  intrusion  were  discarded,  and 
alternatives  were  limited  to  operational  plans  which  prevented  sea- 
water  intrusion. 

A  cursory  study  of  various  methods  of  preventing  sea-vrater  intrusion 
indicated  that  the  method  using  freshvra.ter-injection  barriers  would  be 
more  economical  in  the  Coastal  Plain  than  the  methods  in  which  pumping 
troughs  are  developed  or  impervious  materials  are  placed  in  the  aqui- 
fers along  the  seacoast.  Accordingly,  the  freshwater-injection  barrier 
was  adopted  as  the  only  bajrrier  approach  incorporated  in  the  plans  of 
operation. 

Another  method  of  preventing  sea- water  intrusion  is  to  develop  a  seaward 
gradient  in  the  water  levels  within  the  basin's  aquifers.  An  analysis 
of  this  procedure  as  compared  with  constructing  a  barrier  could  not  be 
performed  simply,  because  of  the  many  complex  factors  involved.  This 
method  of  halting  sea- water  intrusion  was,  therefore,  incorporated  in 
the  alternative  plans  of  operation,  and  the  operational-economic  sig- 
nificance of  both  methods  was  evaluated. 


Pumping  Pattern.  Among  the  variables  that  affect  the  cost  of  operating 
the  ground  water  basins  is  the  pumping  pattern  or  the  relative  location 
of  various  extractions.  If  heavy  pumping  is  concentrated  in  an  area 
where  inflow  of  ground  water  is  limited  by  low  transmissive  character- 
istics of  the  ground  water  basins,  pumping  costs  for  a  given  amount  of 
water  would  be  more  than  the  pumping  cost  resulting  from  concentrated 
pumping  in  an  area  v^here  the  flow  of  ground  \mter  is  relatively  unre- 
stricted. This  is  because  water  levels  would  decline  more  rapidly  in 
the  area  of  limited  transmissibility.  On  the  other  hand,  a  concentra- 
tion of  heavy  pumping  at  locations  adjacent  to  the  spreading  grounds  in 
the  forebay  area  (an  area  of  high  transmissive  characteristics)  would 
minimize  the  use  of  the  transmissive  and  storage  capacities  of  ground 
water  basins,  thus  affecting  overall  costs.  In  addition,  if  extractions 
are  large  near  the  ocean,  costs  of  freshwater  barriers  would  be 
correspondingly  increased. 
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An  infinite  number  of  variations  in  the  distribution  of  pumping  through- 
out the  Coastal  Plain  is  possible.  However,  to  keep  the  analyses  of 
this  variable  within  a  manageable  number,  simplifying  limitations  that 
were  found  to  be  valid  for  the  Coastal  Plain  were  imposed.  Variations  in 
relative  magnitude  of  pumping  were  assumed  to  occur  only  between  opera- 
tional areas,  with  each  operational  area  being  operated  as  a  unit,  and 
the  existing  pattern  within  any  operational  area  was  assumed  to  be  the 
same  in  the  future.  In  other  words,  the  relative  magnitude  of  pumping 
occurring  in  each  node  would  remain  the  same  with  respect  to  the  pumping 
done  in  other  nodes  within  each  operational  area. 

A  limited  number  of  pumping  patterns,  adequate  to  derive  a  general 
relationship  between  the  total  cost  of  operation  and  the  pumping 
pattern,  were  selected.  This  selection  was  based  on  evaluation  of 
operational  and  economic  effects  of  extreme  variations  in  p\iinping 
patterns. 


Ground  Water  Extraction.  An  important  variable  in  a  study  of  management 
of  ground  water  basins  is  the  annual  amount  of  ground  water  used.  This 
variable  significantly  affects  the  cost  of  meeting  the  applied  water 
demand  because  the  difference  between  the  applied  water  demand  and  local 
ground  water  production  must  be  met  by  imported  surface  waters.  At  the 
same  time,  the  annual  amounts  of  pumping  and  replenishment  affect  pump- 
ing lifts,  pumping  plant  requirements,  use  fa<:tors  of  pumping  plants, 
and  surface  storage  tank  needs. 

Earlier,  it  was  mentioned  that  continuous  extraction  of  less  them  about 
kO  percent  of  the  1956-57  extractions  would  cause  waterlogging  in 
several  areas  of  the  Coastal  Plain.  This  finding  established  that  the 
lower  limit  of  the  ajnounts  of  extraction  would  be  about  kO  percent  of 
the  1956-57  amount. 

Operational  requirements  also  imposed  a  limitation  on  the  annual  amount 
of  sustained  extraction.  As  discussed  previously,  for  each  of  the  three 
periods  considered  for  installed  capacity  of  the  primary  distribution 
system,  the  maximum  amount  of  imported  water  that  can  be  delivered  was 
established,  the  applied  water  demands  by  years  were  projected,  and  the 
schedule  of  total  delivered  water  demands  was  established.  The  amount 
of  extraction  had  to  be  sufficient  so  that  the  total  amount  of  water 
supply,  comprising  extracted  ground  water  and  imported  water,  was  equal 
to  the  total  demand  for  delivered  water.  For  the  period  before  1972, 
the  lower  limit  on  the  annual  amount  of  extractions  was,  coincidently, 
found  to  be  approximately  ij-0  percent  of  the  extractions  in  1956-57 • 

For  the  upper  range,  no  physical  limitation  could  be  found  except  as  an 
operational  limit.  To  be  consistent  with  the  assumption  previously  men- 
tioned, that  each  economic  area  would  be  operated  as  a  unit,  the  amounts 
of  ground  water  extraction  in  one  economic  area  could  not  be  larger  than 
the  amount  of  the  applied  water  demand  within  that  area  less  the  net  im- 
port from  and  export  to  other  economic  areas  or  from  outside  the  study 
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area.  This  amount  was  determined  by  subtracting  the  total  amount  of 
water  estimated  to  be  delivered  to  the  area  during  a  given  year  from  the 
applied  water  demand  for  that  year.  All  plans  of  operation  were  forran- 
lated  so  that  the  varying  annual  amounts  of  extraction  did  not  exceed 
this  limitation  throughout  the  study  period. 


Schedules  of  OperationaJ.  Variables 

Within  the  limitations  discussed  previously,  schedules  were  prepared  for 
each  operational  variable  and  were  combined  for  the  formulation  of  alter- 
native plans  of  operation.  These  schedules  are  described  in  this  section. 


Spreading  at  Kiontebello  Forebay.  The  sources  and  average  annual  amounts 
of  water  conserved  in  the  spreading  grounds  and  streambed  at  Ntontebello 
Forebay  are: 

1.  Rising  vrater  and  storm  runoff,  W, 000  acre-feet. 

2.  Reclaimed  vrater,  13,000  acre-feet. 

3.  Untreated  imported  water,  in  amounts  that  vary  with  each 
plan  of  operation. 

The  minimum  annual  total  of  6l,000  acre-feet  of  water  from  the  first  two 
sources  would  be  spread  in  the  Montebello  Forebay.  This  amount  was  con- 
sidered to  be  the  minimum  limit  for  all  plans  of  operation.  In  addition, 
varying  amounts  of  imported  water  would  be  spread.  Five  spresuiing  sched- 
ules for  imported  water  in  the  tontebello  Forebay  are  shovm  in  Table  12. 

TABLE  12 

SCHEDULES  OF  IMPORTED  WATER  SPREADING  AT 

mmrEBELiD  forebay,  coastal  plain  of 

LOS  ANGELES  COUNTY,  FROM  I963  THROUGH  1990 

In  acre -feet  per  year 

I~     ~~            ^                           i                    Average  ajnount  of 
Schedule  niimber                                       •        _i.    o       4.                  j 
: imported  water  spread 

1  0  -  15,000 

2  15,000  -   30,000 

3  30,000  -  U5,000 
k  1+5,000  -  60,000 

5  More  than  6o,000 


Note  that  the  schedules  for  spreading  were  classified  according  to  ranges 
of  average  amounts  of  spreading  rather  than  the  specific  amounts  of 
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spreading,    even  though  the   spreading  of  imported  \7ater  is  a  controllahle 
factor  in  the  actual  operation  of  ground  water  basins.     The  use  of  ranges 
was  adopted  because   selected   spreading   schedules  were  annually  adjusted 
so  that  the  economic  evaluation  and  the  resulting  water  level  elevations 
of  the  alternatives  -i/ould  be  consistent  with  the  assiomption  that  the  sub- 
surface flow  into  the  '-tontebello  Forebay  and  the  \/ater  level  in  a  boundary 
node  in  the  forebay  '.rould  remain  fixed. 

In  addition,    although  this  assumption  \ra,s  valid  when  the  change  in  the 
water  level  elevation  in  the  Kontebello  Forebay  remained  within  the 
historical  variation,    it  v/as  recognized  that  the  water  level  at  the  boun- 
dary of  the  forebay  might  not  remain  fixed  for  plans  with  a  larger  reces- 
sion of  ^.rater  levels  in  the  future.     Under  these  plans  \v,'hich  result  in 
lo^.-rer  water  levels  than  those  which  historically  occurred,   the   subsurface 
inflow  determined  by  the  mathematical  model  could  be   significantly  higher 
than  the  actual  subsurface  flows  which  might  arise  at  the  V/hittier 
Narrows.     To  eliminate  the  effect  of  these  variations,   the  original 
spreading   schedule  was  increased  by  the  amount  of  the  difference  betvreen 
the  assumed  fixed  flow  and  the  computed  flow  for  these  plans.     This  addi- 
tion was  made  because,    in  the  operational  analysis  of  alternative  plans, 
these  differences  in  the  amount  of   subsurface  flow  had  the   same  physical 
and  economic   significance  as  the  imported  vra.ter  spread.     The  amount  of 
subsurface  flow  fpom  the  model  varied  v.-ithin  a  range;   thus,    schedules  of 
spreading  could  be  presented  only  as  a  range  of  amounts,   rather  than  as 
schedules  of  specific  amounts.     This  approach  permitted  the  handling  of 
subsurface  flows  vrLth  the  minimum  error. 


Methods  of  Preventing  Sea-Water  Intrusion.     As  mentioned  before,   two 
methods  for  preventing   sea-water  intrusion  vrere  selected  for   study.     These 
methods  are  further  discussed  as  method  1  and  method  2: 

Kiethod  1 — Utilize  the  existing  freshiv-ater  barriers  and,    in  addition, 
construct  the  freshvrater- inject  ion  barriers  proposed  by  the  Los 
Angeles  County  Flood  Control  District  and  additional  barriers  as 
needed.     The  amount  of  ground  water  in  storage  under  this  method  may 
be  increased,  unchanged,   or  decreased,   thus  allo^>ring  a  wide  range  of 
operation. 

^fethod  2 — Utilize  the  existing  freshi/ater  barrier,    consisting  of  about 
I-I/2  miles  of  injection  ^rells,  but  do  not  construct  any  additional 
barriers.     The  amount  of  ground  \-ra.ter  in  storage  must  be  increased 
to  create  a  seaward  gradient  of  freshwater  by  imposing  only  small 
amounts  of  pumping  and  large  amounts  of  artificial  recharge. 


PuEiping  Pattern.     A  very  large  number  of  different  pumping  patterns  is 
possible.     For  this  study,   however,    analysis  \ra.s  limited  to  17,   which  are 
representative  of  a  -.d-de  range  of  possible  patterns.     Of  these,   four  were 
ultimately  selected  for  detailed   study  in  evaluating  the  operational  and 
economic  effects  of  pumping  patterns  on  the  plans  of  operation. 
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The  17  pumping  patterns  that  were  analyzed  are  oresented  in  Table  13,  in 
terns  of  a  percentage  of  the  total  extractions  from  the  ten  operational 
areas.  Note  that  a  variation  in  a  pumping  pattern  represents  a  shift  in 
the  relative  amount  of  the  total  extractions  which  ^^rould  be  pumped  in 
each  operational  area;  the  present  pattern  of  pumping  within  each  opera- 
tional area  was  assumed  to  continue  in  the  future. 

7i\3LS  13 

PW-1PING  PATTERN  FOR  EACH  OPEPATIONAL  AREA  IN  THE  COASTAL  PLAIN  OF  U)3  /ulGELTo  COUTJTY 

In  •oercent  of  total  extraction 


Pumping 
pattern 
number 

1^ 

2 

3 

k 

5 

6 

7'' 

8 

9 

10 

11 

12 

13 

lU 

15 

16 

17= 

Operational 
area  number 

1 

1.95 

2 

3 

2 

2 

h 

1 

2 

3 

6 

5 

2 

h 

2 

2 

6 

1 

2 

1.32 

2 

2 

2 

2 

1 

0 

1 

0 

0 

0 

1 

2 

1 

1 

0 

0 

3 

11.8U 

15 

6 

12 

20 

9 

22 

11 

U 

20 

18 

12 

7 

11 

19 

16 

22 

U 

20. UU 

25 

17 

15 

25 

19 

2U 

20 

13 

23 

19 

22 

20 

lU 

2U 

20 

2k 

5 

7.50 

8 

7 

10 

7 

6 

8 

7 

k 

7 

6 

8 

8 

9 

7 

6 

8 

6 

6.29 

2 

10 

7 

7 

7 

b 

7 

23 

11 

U 

5 

5 

6 

6 

U 

c 

7 

9.50 

lU 

9 

6 

Ik 

9 

11 

9 

6 

0 

9 

10 

11 

6 

13 

9 

11 

8 

13.20 

15 

12 

20 

7 

15 

19 

13 

9 

16 

lU 

lU 

Ik 

18 

7 

15 

19 

9 

15.60 

5 

20 

6 

10 

16 

b 

18 

22 

0 

11 

13 

13 

15 

15 

10 

c 

10 

12.36 

12 

lU 

20 

6 

lU 

Jl 

12 

_2 

17 

lU 

J^ 

16 

18 

6 

lU 

Ji 

TOTALS 

100.00 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

a. 

b. 


Pumping  pattern  that  existed  in  I956-57. 

Pumping  amount  in  the  West  Coast  Basin,  which  is  routjhly  represented  by  Operational  Areas  6  and  9, 
is  held  at  the  I956-57  amount  (approxijnately  69,700  acre-feet)  throughout  the  study  period  and 
the  percent  of  pumping  in  Operational  Areas  6  and  9  with  respect  to  the  total  amount  pumped  in 
the  West  Coast  Basin  is  30  to  70  percent,  respectively. 
.  Pumping  amount  in  the  West  Coast  Basin,  which  is  roughly  represented  by  Operational  Areas  6  and  9, 
is  held  at  a  constant  amount  throughout  the  study  period  but  varies  with  each  operational  plem 
and  the  i>ercent  of  pumping  is  approximately  equally  divided  between  Operational  Areas  6  and  9. 

Pumping  pattern  No.    1   (x-^late  ^)   rep  re  sent  .3  t.ie  pattern  that  existed   in 
1956-57,     For  that  year,    a  detailed   study  of  the  extractions  in  the 
Coastal  Plain  was  conducted  with  respect  to  locations  and  amounts,   and 
the  results  vrere  presented  in  Appendix  B.     This  pumping  pattern  approxi- 
mates the  pattern  that  existed  in  19^2  before  the  voluntary  pumping  cut- 
back was   initiated   in  the  Central  Basin.      Examination  of  pumping  pattern 
No.   1  in  Table  13  shows  that  the  largest  percentage  of  extractions  occur 
in  operational  areas  k,    8,    and  9,    vnth  20  percent,    13  percent,    and  16 
percent  of  the  total  extraction,    respectively. 

To  note  the  effects  of  pumping  pattern  variations,   other  pumping  pat- 
terns were  corapaired  with  pumping  pattern  No.   1,    which  is  based  on  the 
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historical  pumping  pattern  of  the  study  area, 
are  presented  in  Table  13. 


Pumping  pattern  variations 


Schedule  of  Ground  V/ater  Extraction.  Imposed  on  each  plan  was  a  specific 
schedule  of  extractions,  which  in  most  cases,  v/as  held  at  a  constant  an- 
nual amount  throughout  the  study  period.  The  average  annual  amounts  of 
extraction  during  the  study  period  for  the  plans  studied  ^>rere  varied  over 
a  wide  range.  For  convenience  in  identification,  the  average  annual 
amounts  of  extraction  for  the  plans  were  grouped  into  10  percent  incre- 
ments of  the  amount  extracted  in  195o-5T»  These  increments  ^■Tere  suffi- 
ciently small  to  meet  the  requirement  for  identification.  The  code 
numbers  for  20  consecutive  increments  and  corresponding  amounts  of  extrac- 
tion used  in  this  investigation  are  presented  in  Table  ik.     The  schedule 
of  average  annual  extraction  was  limited  to  20  consecutive  increments  to 
stay  within  the  physically  feasible  range. 

TABLE  ll^ 

SCHEDULES  OF  AVERAGE  ANNUAL  EXTRACTION  IN 
THE  COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY 
FROM  1963  THROUGH  I99O 


Extraction 

:              Extraction, 

:            Average  annual 

code  number 

:      in  percent  of  total 

extraction,    in 

••      195fc'-i?7  extraction 

:   thousands  of  acre -feet 

1 

Uo-  50 

127-160 

2 

50-  60 

160-190 

3 

60-  70 

190-223 

k 

70-  80 

223-25^1 

5 

80-  90 

25i+-286 

6 

90-100 

286-318 

7 

100-110 

318-350 

8 

110-120 

350-381 

9 

120-130 

381-1+13 

10 

130-lUO 

U13-4U5 

11 

lUO-150 

kk^-h-Jl 

12 

150-160 

U77-509 

13 

160-170 

509-5^+0 

lU 

170-180 

51+0-572 

15 

180-190 

572-6oi+ 

16 

190-200 

60U-636 

17 

200-210 

636-668 

18 

210-220 

668-699 

19 

220-230 

699-731 

20 

230-2lf0 

731-763 

The  possibility  of  varying  the  annual  rate  of  extraction  bet■^^reen  1972  and 
1990  ■was  considered  as  a  feasible  mode  of  operation  in  the  determination 
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of  a  schedule  of  ground  v/ater  extraction.  However,  it  was  decided  to 
make  the  econonic  evaluation  of  approximately  constant  extraction 
schedules  because  it  was  possible  to  evaluate  qualitatively  the  economics 
of  varying  the  extraction  schedule.   It  was  known  through  the  qualitative 
evaluation  that  larger  amounts  of  annual  extraction  in  the  forebay  area 
would  provide  more  economic  advantage  to  the  water  users  than  the  extrac- 
tion of  ground  water  specified  in  the  selected  schedule.  This  is  because 
of  a  saving  that  is  made  in  providing  water  service  in  the  near  future 
and  because  under  the  present  worth  concept  the  impact  of  this  saving  is 
larger  than  the  impact  of  the  saving  to  be  made  in  some  later  years.  If 
detailed  information  is  needed  by  local  agencies,  however,  it  is  recom- 
mended that  local  agencies  make  a  detailed  feasibility  study  of  ground 
water  basin  management  under  this  approach. 

It  was  mentioned  earlier  that  if  pumping  is  cut  back  to  ^0  percent  of 
1956-57  extraction,  waterlogging  is  likely  to  occur  in  portions  of  the 
Coastal  Plain.  At  the  other  extreme,  the  upper  limit  of  annual  extrac- 
tions is  related  to  the  applied  ^>rater  demands  for  a  particular  year; 
this  limit  reaches  a  peak  of  approximately  3^0  percent  of  195'5-5T  extrac- 
tions in  1990^  if  the  annual  amount  of  extraction  is  varied  throvighout 
the  study  period. 

For  the  period  prior  to  1972,  the  lower  limit  on  the  amount  of  annual 
extraction  was  also  influenced  by  the  delivery  capacities  of  the  imported 
water  facilities.  As  previously  discussed,  a  schedule  showing  the  upper 
limit  of  deliverable  amount  of  imported  water  supply  was  established  for 
the  study  period  after  analyses  of  feeder  systems.  Because  the  applied 
water  demand  was  assumed  to  be  fixed,  the  difference  between  the  applied 
water  demand  and  the  imported  water  schedule  for  each  year  had  to  be  made 
up  by  ground  water. 

The  maximum  amounts  of  imported  ^vater  concluded  to  be  available  during 
the  study  period  are  shown  in  Table  15 •  The  schedule  of  minimum  amounts 
of  ground  water  extractions  needed  to  satisfy  the  applied  water  demand 
in  the  Coastal  Plain  is  shown  in  Table  16.  The  increase  in  the  minimum 
amount  of  extractions  required  in  the  Coastal  Plain  (Table  16)  is  due  to 
the  increase  in  applied  water  demand  and  the  fixed  delivery  capacity  of 
the  imported  water  facilities  up  to  the  year  1972. 

It  was  previously  stated  that  the  imposed  extraction  amount,  in  most 
plans  of  operation,  was  held  constant  throughout  the  study  period.  How- 
ever, when  the  imposed  amount  of  extraction  was  less  than  the  lower 
limits  of  ground  water  extraction,  the  lower  limits  were  used.  For  those 
plans,  the  established  coding  system  (Table  1^)  still  applies  because  the 
average  annual  extraction  over  the  28-year  study  period  would  not  be 
chaiiged  significantly. 


Numbering  System  for  Combined  Schedules 

For  ease  of  identification  of  each  of  the  alternative  plans  of  operation 
with  respect  to  replenishments,  methods  of  preventing  sea-water  intnasion, 
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TABLE  15 

MAXIMUM  AMOUNT  OF  IMPORTED  WATER  SUPPLY  FROM 

THE  METROPOLITAN  WATER  DISTRICT  OF  SOUTHERN  CALIFORNIA 

ESTIMATED  TO  BE  AVAILABLE  FOR  USE  IN  THE 

COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY 

DURING  THE  STUDY  PERIOD* 

In  acre-feet 

Year              •  Quantity 

1962-63  659,000 

63-6I+  659,000 

6U-65  659,000 

65-66  659,000 

66-67  659,000 

1967-68  659,000 

68-69  659,000 

69-70  659,000 

70-71  659,000 

71-72  1,158,000 

1972-73  1,158,000 

73-71+  1,158,000 

7^-75  1,158,000 

75-76  1,158,000 

76-77  1,158,000 

1977-78  1,158,000 

78-79  1,158,000 

79-80  1,158,000 

80-81  1,158,000 

81-82  1,158,000 

1982-83  1,231,000 

83-8I+  1,231,000 

8U-85  1,231,000 

85-86  1,231,000 


86-87  1,231,000 

187-88  1,231,000 

88-89  1,231,000 

89-90  1,231,000 


*Estimated  amounts  were  limited  by  the  delivery  capacity  of  the  primary 
distribution  system  which  was  assimed  to  be  operated  under  criteria 
selected  for  this  investigation. 
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TABLE  16 

MINIMUM  EXTRACTION  REQUIRED  FOR  THE 
COASTAL  PLAIN  OF  LOS  ANGELES  COUIffY 
ESTIMATED  FOR  PERIOD  BETWEEN  I963  AND  1972 

In  thousands  of  acre-feet 


Year  .*   Minimum  required  extraction* 

1963  0 

6k  36 

65  89 

66  138 

67  178 

1968  213 

69  230 

70  260 

71  276 

72  292 


^Minimum  amount  required  to  meet  applied  water  demand  when  the  scheduled 
amounts  of  waters  imported  by  the  City  of  Los  Angeles  and  from  the 
San  Gabriel  Valley  are  fully  utilized  and  when  the  injection  schedule 
proposed  by  the  Los  Angeles  County  Flood  Control  District  is  used. 

pumping  patterns,  and  annual  amounts  of  extraction,  the  schedule  numbers 
for  each  variable  shown  in  Tables  12,  13,  and  lU  were  combined  to  make  up 
a  four-digit  number  or,  in  some  cases,  five-  and  six-digit  numbers.  The 
first  number  identifies  a  spreading  schedule  at  Montebello  Forebay;  the 
second,  the  method  of  preventing  sea-water  intrusion;  the  third,  the 
pumping  pattern,  in  some  cases  consisting  of  two  digits;  and  the  last, 
the  pumping  schedule  in  the  Coastal  Plain,  also  in  some  cases  comprising 
two  digits  and  separated  by  a  hyphen.  For  example,  the  code  of  Plan  113-^ 
provides  an  identification  number  for  the  operational  plan  and  identi- 
fies the  variables  of  the  plan  as:   spreading  schedule  1,  which  specifies 
a  range  of  spreading  between  0  and  15,000  acre-feet;  method  1,  in  which 
sea-water  intrusion  is  prevented  by  additional  and  existing  freshwater 
barriers;  pumping  pattern  3,  in  which  the  extractions  are  concentrated 
in  operational  areas  U,  6,  8,  9,   and  10;  and  pumping  schedule  h,    in 
which  the  average  annual  total  extraction  was  between  223,000  and  2514-,  000 
acre-feet. 

There  could  be  a  total  of  3,^00  different  plans  of  operation  if  all  pos- 
sible combinations  were  made  of  all  schedules  of  operational  variables. 
However,  by  interpreting  results  of  preliminary  analyses  of  many  plans, 
it  was  possible  to  limit  the  nvimber  of  alternative  plans  studied  to 
58  and  still  obtain  the  needed  information.  The  operational  smd  economic 
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results  of  the  58  plans  were  further  analyzed  to  select  five  plans  for 
additional  refinement. 


Operational  Analyses  of  Alternative  Plans 

In  this  portion  of  the   study,   essential  results  of  all  the   separate 
analyses  of  surface  and  ground  water  supplies  and  facilities  that  were 
described  earlier  were  integrated  for  determining  the  requirements  of 
all  items  affecting  the  comparison  of  costs  of  each  eiltemative  plan  of 
operation.     The  determination  of  requirements  of  these  items  was  accom- 
plished in  three  major  phases.     In  the  first  phase,  the  required  annual 
amounts  of  imported  \7ater  to  meet  the  demands  for  applied  water  and  for 
artificial  recharge  projects  were  determined  and  subsequently  the  annual, 
cost  of  each  component  of  imported  water  was  obtained.     In  the   second 
phase,   the  requirements  for  surface  and  ground  water  facilities  con- 
sidered in  this  study  to  meet  the  applied  water  demand  were  determined, 
as  were  the  costs  of  those  facilities.     In  the  final  phase,    required  in- 
jection barriers  and  their  related  costs  were  determined.     The  work  for 
these  three  phases  was  particularly  suited  for  data  processing  machines 
and  electronic  computers  because  the  solutions  required  handling  of  a 
large  number  of,  operational  data  and  making  lengthy  computations. 

The  methods  for  determining  the  annual  amounts  of  water  supplies  and 
facilities,    and  their  related  costs,   required  through  1990  are  presented 
in  the  following  discussions.     This  is  followed  by  a  brief  discussion  on 
the  application  of  a  digital  computer  to  handle  the  compilation,    computa- 
tion,   and  tabulation  of  operational  and  economic  data  that  were  required 
for  this  investigation. 


Methods  for  Determining  Water  Supplies  and  Facilities 

In  presenting  the  methods  used  for  determining  the  annual  amounts  of 
water  supplies  and  facilities,   and  their  related  costs,   the  discussion 
has  been  divided  into  imported  vra,ter  supplies,   facilities  required  to 
meet  applied  water  demand,    and  facilities  required  to  meet  artificial 
recharge  requirements. 

Imported  Water  Supplies 

In  determining  the  amounts  of  water  imported  to  meet  annual  applied  water 
demands,   the  water  supplies  imported  from  the  Owens-Mono  area  and  the 
San  Fernando  and  San  Gabriel  Valleys,    as  well  as  the  water  supply  from 
the  ground  water  basins  within  the  Coastal  Plain,   were  subtracted  from 
the  annual  applied  water  demand  of  the  Coastal  Plain.     The  remaining 
applied  water  demand  was  considered  to  be  met  with  the  I>fetropolitan 
Water  District's  softened  water,   filtered  water,   and  untreated  water,    in 
that  order.     For  each  of  the  imported  waters  from  different   sources 
and  for  each  different  type  of  I-ietropolitan  Water  District  water,  upper 
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limits  of  the  amounts  that  could  be  depended  on  were  established  for  this 
computation.  The  upper  limits  for  the  District's  total  water  supply  to 
the  CoastsLL  Plain  are  shown  in  Table  15. 

The  annual  amounts  of  filtered  water  required  for  injection  along  Santa 
Monica  Bay  and  Los  Alamitos  Bay  were  computed  for  each  operational  plan. 
The  annual  amount  of  filtered  './ater  required  by  the  Dominguez  Gap  injec- 
tion facilities  to  establish  a  mound  to  halt  sea-water  intrusion  vras 
presumed  to  be  17,000  acre-feet  in  1968  and  lj-,000  acre-feet  each  year 
thereafter  to  maintain  the  mound.  The  amount  of  untreated  imported  \ira,ter 
supplied  to  spreading  grounds  at  I-lontebello  Forebay  is  an  operational 
variable  for  each  plaji.  Thus,  the  annual  amounts  are  reflected  by 
spreading  schedules  for  the  alternative  plans  of  operation. 

By  the  above  procedure,  the  annual  amounts  of  imported  water,  from  the 
present  through  1990,  were  determined  for  each  of  the  following  seven  com- 
ponents:  (1)  water  imported  by  the  Los  Angeles  Department  of  V/ater  and 
Power,  (2)  pumped  water  imported  from  the  San  Gabriel  Valley,  (3)  reclaimed 
water  from  the  San  Gabriel  Valley,  (U)  the  Metropolitan  Water  District's 
softened  \-rater  for  domestic  use,  (5)  the  District's  filtered  water  for 
domestic  use,  (6)  the  District's  filtered  water  for  injection,  and 
(7)  the  District's  untreated  water  for  spreading. 

The  ajinual  cost  of  each  component  of  water  supply  was  determined  by  mul- 
tiplying the  annual  amount  of  each  component  with  the  conresponding  unit 
cost  of  water.  In  addition,  to  develop  and  suialyze  a  wide  range  of 
economic  infonnation  for  the  selected  plans  of  operation,  the  annual 
costs  of  water  supplied  by  the  ^fetropolitaJl  Water  District  were  determined 
under  three  different  price-of-is'Bter  assumptions.  These  assumptions  are 
briefly  discussed  in  Chapter  II  and  are  fully  described  in  Attachment  No.  7. 

Facilities  Required  to  ffeet  Applied  Water  Demajid 

In  analyzing  the  plans  of  operation  comparatively,  surface  storage,  primary 
distribution  facilities,  and  well  pumping  facilities  were  combined  so 
as  to  meet,  most  economically,  the  maximum  hourly  water  demand  which  was 
determined  by  analyses  of  data  relating  to  past  water  requirements.  This 
water  demand  is  the  sum  of  fire  flow  requirements  and  the  peak  hourly 
water  demand  on  a  maximum  water  demand  day  and  conforms  with  the  require- 
ments of  the  National  Board  of  Fire  Underwriters.  A  separate  study  was 
conducted  on  the  fire  flow  requirements  in  addition  to  the  peak  hourly 
water  demand.  Figure  2C  (page  ll),  illustrates  the  combination  of  facil- 
ities employed  to  meet  the  peak  hourly  demand  on  a  maximum  water  demand 
day.  During  this  hour  of  peak  flow,  it  was  assumed  that  the  primary 
distribution  system  would  be  utilized  to  its  maximum  flow  capacity.  As 
shown  on  the  figure,  the  remaining  portion  of  the  maximum  hourly  demand 
was  presumed  to  be  met  by  combined  flow  from  surface  storage  eind  well 
pumping  facilities  which  may  include  boosting  facilities.  Boosting  fa- 
cilities were  considered  because  the  well  pumping  facilities  are  comprised 
of  two  types:  those  pumping  directly  to  operating  head  and  those  pumping 
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first  to  atmospheric  pressure  for  aeration,  filtration,  and  treatment  of 
water  with  subsequent  boosting  to  operating  head. 

Many  possible  combinations  of  storage,  pumping,  and  boosting  facilities 
could  satisfy  this  remaining  portion  of  the  maximum  hourly  water  demand. 
However,  the  most  economical  combination  was  derived  and  used  to  insure 
the  validity  of  the  cost  comparisons  of  alternative  plans  of  operation. 

To  obtain  the  most  economical  combination  of  facilities,  a  general  cost 
equation  was  written  that  includes  pumping,  boosting,  and  storage  cost 
components.  This  cost  equation  takes  the  form: 


Ct  =  Cp  +  Cb  +  C 


s> 


where  C-t  is  a  total  cost,  Cp  is  a  pumping  cost,  Ct  is  a  boosting  cost, 
and  Cg  is  a  surface  storage  cost.  To  formulate  this  equation,  each  of  the 
three  cost  components  was  reduced  to  the  number  and  unit  costs  of  facil- 
ities, electrical  energy  costs,  and  service  connection  charges.  A  de- 
tailed discussion  of  the  annual  unit  cost  data  used  in  the  determination 
was  presented  in  Chapter  II,  and  an  expanded  discussion  of  the  above 
equation  is  presented  in  Attachment  No.  9» 

In  this  study,  it  was  found  to  be  most  convenient  to  express  the  number 
of  pumping,  boosting,  and  storage  facilities  in  terms  of  flow  capacity 
of  boosters  (<^)  that  lift  vrater   from  the  ground  surface  to  operating 
head.  This  was  possible  because  flows  from  boosters,  pumps,  and  storage 
tanks  are  interrelated,  and  this  relationship  could  be  expressed  by  a 
series  of  equations.  After  making  the  necessary  combinations  and  substi- 
tutions, the  cost  equation  shown  above  was  transfonned  to  the  equation 
shown  below: 


Qb 


(Dm  .  Qf ) 


(Ld  +  Lg)(X  +  0.003^9Up)  +  Y 


Ub 
3^2 


Where: 


Q5   =  Rate  of  pumping  booster  units,  in  cubic  feet  per  second 

Dju   =  Maximum  flow  rate  of  water  required  under  peak  conditions 
with  maximum  flow  equal  to  the  peak  hourly  demand  on  the 
day  of  maximum  water  demand,  plus  the  fire  flow,  in  cubic 
feet  per  second 

Qf   =  Rate  of  peak  flow  from  feeder  supply,  in  cubic  feet  per 
second 

F    =  Head  relationship  between  the  total  pump  capacity  and  the 
capacity  of  pumps  pumping  to  sumps  only 

D(i   =  Average  water  demand  flow  rate  on  day  of  maximum  demand, 
in  cubic  feet  per  second 

Ug   =  Average  annual  cost  of  a  surface  storage  unit,  in  dollars 
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L^       =   Well  drawdovm,  in  feet 

L    =  Distance  between  static  water  level  and  ground  surface,  in 
^  feet 

X,  Y  =  Factors  substituted  for  constants  that  vary  with  pump  use 
factors  in  energy  cost  equations 

Up   =  Average  annual  cost  of  pump  units  in  dollars 

U^i   =  Unit  annual  cost  of  booster  pump,  in  dollars 

The  above  equation  gives  the  most  economical  combination  of  pumping, 
boosting,  and  storage  facilities  for  cases  where  existing  surface  stor- 
age capacities  were  less  than,  or  equal  to,  the  storage  capacity  in- 
directly determined  by  the  above  equation. 

However,  if  a  comparison  showed  that  the  existing  surface  storage  capa- 
city was  larger  than  that  determined  by  the  above  equation,  the  maximum 
possible  use  of  existing  storage  capacity  was  made,  and  the  pumps  and 
boosters  were  sized  in  a  manner  that  would  permit  the  combined  facili- 
ties to  meet  the  water  demand  for  five  consecutive  maximum  water  demand 
days,  at  adequate  pressure,  a  rating  criterion  of  the  National  Board  of 
Fire  Underwriters.  This  criterion  was  imposed  on  each  plan  of  operation 
as  a  minimum  requirement. 

When  the  combined  capax:ities  of  the  feeders  and  pumps  thus  determined 
were  equal  to  or  greater  than  100  percent  of  the  average  hourly  demand 
on  the  maximum  water  demand  day,  sufficient  water  was  available  during 
nonpeaking  hours  to  fill  the  existing  surface  storage  space;  thus,  the 
total  existing  storage  space  was  considered  to  be  fully  utilized  on  the 
day  of  maximum  water  demand.  However,  when  the  combined  capacities  of 
feeders  ajid  pumps  were  less  than  100  percent  of  the  average  hourly  de- 
mand on  the  maximum  day,  there  was  not  sufficient  water  during  non- 
peaking  hours  to  completely  fill  the  existing  storage  space  on  that  day; 
thus,  only  part  of  the  existing  storage  space  vrould  be  utilized  during 
any  one  day  to  meet  the  fire  rating  criterion  expressed  above.  This 
portion  of  the  existing  storage  capacity  was  called  the  effective 
existing  storage  capacity  and  was  made  equal  to  the  amount  of  water 
available  for  storage  during  nonpeaking  hours  by  the  combined  and  con- 
tinued use  of  pumping  and  feeder  facilities,  plus  one-fifth  of  the  re- 
maining existing  surface  storage  capacity  that  could  be  filled  and 
carried  over  from  prior  "lesser  demand"  days.  The  other  four-fifths 
was  released  at  equal  rates  during  the  four  succeeding  maximum  water 
demand  days. 

Either  the  existing  storage  capacity  or  the  effective  existing  storage 
capacity,  whichever  was  applicable,  was  converted  to  a  release  rate 
from  storage  by  use  of  a  set  of  equations  that  approximates  the  relation 
between  flow  rates  from  surface  storage  and  surface  storage  volume  re- 
quirements on  the  maximum  water  demand  day  in  the  Coastal  Plain.  This 
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relationship  and  the  equations  are  shown  on  Figure  5A  and  additional 
information  on  this  relationship  can  be  foiond  in  Attachment  No.  9«  The 
flow  rates  from  storage  and  the  primary  distribution  system  v/ere  sub- 
tracted from  the  maximum  hourly  water  demand  to  determine  the  required 
pumping  or  boosting  capacity. 

The  most  economical  combination  of  pumping,  boosting,  and  surface 
storage  facilities  can  also  be  described  in  terms  of  the  use  factor 
of  well  pumping  facilities.  For  each  alternative  plan  of  operation,  a 
schedule  of  annual  ground  water  extraction  was  specified  for  each 
operational  area.  The  most  economical  use  factor  in  a  particular  year 
is  the  specified  average  pumping  rate  divided  by  the  peak  hourly  rate 
of  pumping  for  the  same  year,  as  determined  through  the  use  of  the 
equation  mentioned  above.  For  each  selected  use  factor,  there  is  a 
corresponding  surface  storage  requirement.  Figure  5B  illustrates  the 
increase  in  costs  of  surface  storage  facilities  and  the  decrease  in 
costs  of  pxxmping  facilities  with  increasing  use  factor  expressed  in 
percent.  The  change  in  the  costs  of  these  two  facilities  is  due  to  the 
necessity  for  increasing  the  volume  of  storage  with  the  increase  in  use 
factor  which  requires  a  lesser  number  of  pumps  to  extract  a  given  amount 
of  water  than  the  lower  use  factor.  It  also  illustrates  the  minimum 
combined  costs,  which  occur  at  a  use  factor  equal  to  6o  percent  for  the 
particular  set  of  conditions  selected  for  this  illustration.  For  further 
details  see  Attachment  No.  9« 

For  some  of  the  plans  of  operation,  laterals  were  found  to  be  required 
in  economic  areas  k,   ^,   and  8,  which  are  in  the  eastern  portion  of  the 
Coastal  Plain,  in  addition  to  feeders  and  laterals  existing  and  proposed 
for  the  Coastal  Plain.  To  determine  the  cost  of  these  additional 
laterals,  approximate  alignments  were  set,  and  the  laterals  v/ere  sized 
to  meet  1990  surface  supply  delivery  requirement  under  various  plans  of 
operation.  Based  on  these  alignments  and  lateral  sizes,  cost  estimates 
were  made  and  a  graph  was  developed  showing  the  annual  costs  of  additional 
laterals  required  to  supply  varying  percentages  of  1990  water  demand.  A 
graph  was  prepared  for  each  affected  economic  area.  The  percentage  of 
water  demand  shown  on  these  graphs  was  keyed  to  each  plan  of  operation 
because  the  amount  of  imported  water  required  for  a  particular  plan  is 
equal  to  the  water  demand  minus  the  amount  of  ground  water  extraction 
selected  for  the  same  plan.  Thus,  for  each  plan  of  operation,  costs  of 
additional  laterals  were  estimated  by  using  these  graphs  after  a  schedule 
of  annual  extractions  was  selected.  Costs  of  additional  laterals  were 
converted  to  annual  costs  by  using  appropriate  factors  related  to  proper 
interest  rates  and  economic  life  of  the  lateral.  The  costs  of  additional 
laterals  included  costs  of  excavation,  pipe,  installation,  regulators, 
and  other  normal  accessories,  resurfacing,  and  maintenance.  The  analysis 
of  additional  laterals  is  presented  in  detail  in  Attachment  No.  8. 

Facilities  Required  to  teet  Artificial  Recharge  Requirements 

The  facilities  required  to  meet  artificial  recharge  requirements  included 
spreading  grounds  and  sea-water  intrusion  barrier  project  facilities. 
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As  stated  in  Chapter  II,  it  was  assumed  that  the  spreading  ground  facili- 
ties now  in  existence  will  be  adequate  to  meet  future  spreading  require- 
ments and  that  the  unit  cost  for  the  operation  and  maintenance  of  these 
existing  spreading  grounds  would  be  $1.25  per  acre-foot  of  imported 
spread  water.  The  additional  sea- water  intrusion  barrier  facilities 
necessary  to  protect  the  basins  against  sea-water  intrusion  will  also 
serve  to  meet  additional  recharge  requirements. 

Some  of  the  plans  of  operation  that  would  result  in  a  landward  gradient 
of  the  water  level  elevations  adjacent  to  the  coast  would  require  the 
sea-water  intrusion  barrier  projects  proposed  by  the  Los  Angeles  County 
Flood  Control  District  in  addition  to  existing  projects.  The  proposed 
projects  now  under  construction  are  the  West  Coast  Basin  Baxrier 
Project,  Dominguez  Gap  Barrier  Project,  and  the  Alamitos  Barrier  Project. 
Each  of  these  projects  was  based  on  the  hydraulic  conditions  which 
existed  at  the  time  the  projects  were  designed.  For  this  study,  it  was 
assumed  that  these  proposed  projects  would  be  completed  as  scheduled  by 
the  Los  Angeles  County  Flood  Control  District,  and  they  would  be  suffi- 
cient to  handle  the  requirements  of  all  plans  of  operation  which  require 
amounts  of  recharge  that  are  less  than  or  equal  to  the  design  capacity 
of  each  project. 

Costs  of  additional  barrier  facilities  were  approximated  for  the  Alamitos 
Barrier  Project,  West  Coast  Basin  Barrier  Project,  and  a  barrier  project 
along  the  coast  in  the  Santa  Monica  Basin.  For  each  of  these  projects, 
designs  of  additional  barriers  and  the  necessary  laterals  extending  from 
the  primary  distribution  system  were  approximated  for  four  selected 
injection  rates,  cost  estimates  were  made  for  each  of  these  four  sets  of 
facilities,  and  finally,  the  annual  costs  of  facilities  were  computed. 
The  selected  injection  rates  for  the  Alamitos  Barrier  Project  and  the 
West  Coast  Basin  Barrier  Project  were  greater  than  the  design  injection 
rates  of  the  facilities  proposed  by  the  Flood  Control  District  to  allow 
evaluations  of  plans  that  would  require  larger  amounts  of  fresh^vater 
injection.  Finally,  a  graph  was  developed  for  each  of  the  three  projects, 
showing  the  annual  cost  of  each  additional  project  for  varying  injection 
rates.  The  fourth  project,  the  Dominguez  Gap  Barrier  Project,  was 
assumed  to  require  barrier  extensions  on  both  termini,  and  the  project's 
annual  cost  vra.s  treated  as  a  fixed  amount  because  the  schedule  of  injec- 
tion was  presumed  to  be  fixed  as  explained  earlier  in  this  chapter.  A 
detailed  discussion  of  the  location  of  additional  barriers  and  the  manner 
in  which  the  costs  of  these  projects  were  determined  is  presented  in 
Attachment  No.  8. 


Computer  Application 

The  determination  of  the  required  amounts  of  water  supplies,  facilities, 
and  electrical  energy  and  their  related  costs  was  made  for  each  of  the 
ten  economic  areas,  for  each  year  from  the  present  through  1990.  The 
determination  required  handling  voluminous  amounts  of  data  and  a  large 
number  of  lengthy  computations,  even  for  the  solution  of  a  single  plan 
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of  operation.  Data  processing  machines  and  electronic  computers  were 
capable  of  handling  these  computations.  For  rapid  analyses  on  computers, 
the  data  were  processed,  all  procedures  and  equations  vere  arranged  in 
logical  sequences,  translated  into  computer  language,  and  integrated. 
The  results  of  the  computer  analyses  were  arranged  and  tabulated.  The 
computer  analyses  of  the  plans  of  operation  are  summarized  in 
Attachment  No.  10. 

For  use  in  the  computer,  the  following  operational  data  were  prepared: 
(l)  schedules  of  annual  water  demands,  fire  flow  requirements,  ground 
water  extractions,  imported  water  recharge,  pumping  lifts,  and  maximum 
feeder  capacities;  (2;  existing  capacities  of  wells,  pumps,  boosters, 
storage  facilities,  connectors  to  feeders,  and  proposed  injection 
projects;  (3)  annual  unit  cost  of  all  the  components  of  imported  water 
supply,  and  unit  annual  costs  of  boosters,  pumps,  electrical  energy  and 
service  connection  charges;  {h)   equations  describing  the  cost  relation- 
ships of  additional  laterals  and  injection  facilities;  and  (5)  assumed 
unit  capacities  of  facilities. 

By  use  of  these  input  data  and  computer  programs,  determinations  were 
made  of  pump  use  factors,  flow  rates  required  from  each  of  the  facili- 
ties, and  amounts  of  imported  water  delivered.  In  many  cases,  flow 
rates  of  facilities  were  subsequently  converted  to  the  number  of  facil- 
ities required  for  each  year  during  the  period  of  investigation. 

For  the  economic  aneilyses  of  plans  of  operation,  a  computer  was  elIso 
used  to  determine  the  annual  costs  of  water  supply,  facilities,  and 
electrical  energy.  In  the  cases  of  additional  lateral  and  injection 
facilities,  annual  costs  were  obtained  directly  by  using  cost  equations 
developed  from  the  relationships  described  earlier.  Finally,  annual 
costs  were  converted  by  the  computer  into  present  worths  of  costs  of 
water  supplies,  facilities,  and  electrical  energy  for  use  in  the 
economic  comparison  of  alternative  plans. 

The  operational  input  data  as  well  as  resulting  operational-economic 
data  were  tabulated  by  the  further  use  of  data  processing  machines.  As 
anticipated,  the  number  of  tabulations,  even  for  one  plan  of  operation, 
was  very  large  because  of  the  nature  of  the  study,  in  that  the  required 
water  supplies,  facilities,  and  costs  were  itemized  for  each  year  during 
a  28- year  study  period  for  ten  economic  areas.   In  addition,  annual 
water  level  elevations  and  pumping  lifts  of  the  equivalent  aquifer  of 
the  Coastal  Plain  were  tabulated  for  73  polygons  as  well  as  for  each  of 
the  ten  economic  areas. 

A  complete  set  of  12  sheets  for  each  plan  of  operation  contains  63  pages 
of  tabulation.  Because  presenting  complete  sets  of  tables  of  all  plans 
of  operation  in  this  report  would  be  impractical,  partial  sets  of 
tables  are  presented  in  Attachments  No.  11  through  I5.  In  these,  sum- 
mary data  for  the  total  Coastal  Plain  are  presented  for  the  five  selected 
plans  of  operation.  All  tables  for  these  plans  of  operation  are  avail- 
able in  the  files  of  the  Department  of  Water  Resources.  Table  17  gives 
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TABLE  17 

TITLES  OF  SHEETS  MAKING  UP  A  COMPLETE  SET  OF 
DATA  FOR  A  PLAN  OF  OPERATION,   AITACHMENTS  NO.    11-15 


Sheet 
number 


Title  of  sheet 


1  Summary  of  present  worths  of  future  costs  of  water  supply, 
facilities,  and  electrical  energy  in  the  Coastal  Plain  of 
Los  Angeles  Coimty  from  19^3  through  1990- 

2  Estimated  annual  amoimts  of  replenishment,  common  to  all  plans 
of  operation,  to  the  zone  of  saturation  in  the  Coastal  Plain 
of  Los  Angeles  County  under  water  supply  conditions  of  mean 
precipitation  from  19^3  through  1990- 

3  Estimated  annual  amounts  of  inflow  and  outflow  at  the  zone  of 
saturation  in  the  Coastal  Plain  of  Los  Angeles  County  from 
1963  through  1990. 

k         Estimated  annual  amounts  of  water  demand  and  water  supply  in 

the  Coastal  Plain  of  Los  Angeles  County  from  19^3  through  1990- 

5  Computed  annual  costs  of  water  supply  in  the  Coastal  Plain  of 
Los  Angeles  Co\inty  from  19^3  through  1990. 

6  Operational  data  and  computed  flow  requirements  of  facilities 

in  the  Coastal  Plain  of  Los  Angeles  Co\inty  from  I963  through  1990- 

7  Computed  number  of  required,  available,  and  additional  facilities 
in  the  Coastal  Plain  of  Los  Angeles  County  from  I963  through  1990 • 

8  Computed  annual  costs  of  required  ground  water  facilities  in 
the  Coastal  Plain  of  Los  Angeles  Coxinty  from  I963  through  1990. 

9  Computed  annual  costs  of  required  ground  water  facilities  in 
the  Coastal  Plain  of  Los  Angeles  County  from  1963  through  I99O. 

10  Computed  annual  charges  of  required  electrical  energy  and 
electrical  service  connection  in  the  Coastal  Plain  of 
Los  Angeles  County  froa  I963  through  1990. 

11  Summary  of  computed  annual  costs  of  water  supply,  facilities, 
and  electrical  energy  in  the  Coastal  Plain  of  Los  Angeles 
County  from  I963  through  1990. 

12  Computed  biennial  average  ground  water  level  elevations  at  each 
node  in  the  Coastal  Plain  of  Los  Angeles  County  from  I962 
through  1990. 

Note:  All  sheets  reflect  data  for  the  entire  Coastal  Plain;  Sheets  6 

through  10,  showing  data  by  economic  areas,  are  also  available 
but  are  not  included  in  this  report. 
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the  titles  and  the  items  of  data  presented  in  the  12  sheets  that  form 
a  complete  set  for  a  single  plein  of  operation. 


Economic  Analyses  of 
Alternative  Plans  of  Operation 

Using  the  information  derived  from  the  study  of  coordinated  operation, 
the  future  total  annual  costs  for  each  alternative  plan  of  operation 
were  determined  as  the  sum  of  the  annual  costs  of  water  supply,  surface 
and  ground  water  facilities,  and   electrical  energy  and  service  connec- 
tions. These  total  annual  costs  extending  through  1990  were  converted 
into  total  present  worth  for  economic  comparison  for  all  alternative 
plans  of  operation.  As  mentioned  before,  the  initial  economic  analyses 
of  all  plans  were  conducted,  using  only  one  cost  schedule  of  imported 
water  prior  to  selection  of  alternatives  for  further  study. 


Comparison  of  Present  Worths 

A  present  worth  of  future  expenditures  may  be  regarded  as  the  sum  of 
money  which,  if  now  invested  at  a  given  interest  rate,  would  provide  the 
funds  needed  to  pay  the  future  costs.  Thus,  comparison  of  the  present 
irorth  of  costs  of  alternative  plans  of  operation  may  be  thought  of  as 
the  comparison  of  sums  needed  now  to  provide  a  service  for  a  given 
number  of  years  in  the  future.  A  present  worth  of  aaiy  future  expendi- 
tures is  obtained  by  applying  the  correct  single -payment  present-worth 
factor  to  the  expenditure.  In  this  study,  present  worths  of  sill  costs 
incurred  by  local  agencies  were  based  upon  an  interest  rate  of  ^+.5 
percent. 

The  present  worth  of  the  capital  cost  of  existing  facilities  such  as 
feeder  connectors  and  storage  facilities  were  added  to  the  present  worth 
developed  for  comparison.  Even  though  these  present  worths  for  the 
existing  facilities  represented  sunk  cost  and  did  not  affect  the  compari- 
son, they  were  added  to  the  present  worth  developed  for  comparison  so 
that  better  evaluation  of  annual  cost  per  acre-foot  of  water  supply 
could  be  made.  The  determination  of  annual  cost  per  acre-foot  of  total 
water  supply  was  made  by  dividing  the  present  worth  of  the  total  cost  of 
water  service  by  the  discounted  volume  of  water  delivered  throughout  the 
study  period. 

In  determining  the  present  worths  of  existing  storage  reservoirs  of  the 
City  of  Los  Angeles,  costs  of  construction  based  on  the  19^3  construc- 
tion cost  index  ^-rere  determined,  and  the  annual  costs  of  these  facilities 
were  determined  for  assumed  lives  of  the  facilities.  Subsequently,  pres- 
ent worths  of  annual  costs  for  the  study  period  were  determined  and 
summed.  For  storage  tanks  and  connectors,  prevailing  construction  costs 
per  unit  of  modular  size  storage  tanks  and  connectors  were  applied  to 
the  total  equivalent  number  of  modular  size  facilities. 
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AdditionaJ.  pre  sent -'.TOrth  data  vrere  developed  for  the  five  alternatives 
selected  for  detailed  operational  and  economic  comparisons.     To  provide 
economic  information  for  these  five  plans,   present  \-rarths  of  cost  of 
operation  from  1991  "to  perpetuity  v.'ere  estimated  and  added  to  the  present 
worths  of  the  cost  of  operation  from  1963  through  1990  for  corresponding 
alternatives. 

The  present  irorths  of  crater  service  from  1991  to  perpetuity  were  based 
on  the  assumption  that  the  ground  crater  basins  -./ould  be  operated  on  a 
safe-yield  basis  beginning  in  1991*     This  assumption  \fa.s  made  to  provide 
common  basis  for  comparison.     However,    it  \ra.s  knovm  that  the  extension 
of  the  initiation  of  the   safe-yield  operation  beyond  1990  vrould  provide 
more  economical  •i.'ater  service  than  initiating  it  in  1990  under  a  certain 
combination  of  conditions.     However,   the  economic  evaluation  of  the 
alternatives  in  ^■Aiich  a  safe-yield  operation  would  be  initiated  after 
1991  ^■ra.s  not  made  because  the  evaluation  ^-rould  provide  meaningless  re- 
sults due  to  a  large  number  of  unkno'/ni  and  unpredictable  factors.      In 
other  iv^ords,   the  fresh  water  annual  inflow  to  the  ground  vrater  in  storage 
would  be  equal  to  the  fresh  v/ater  outflow  from  storage  beginning  in  1991- 
Furthermore,   the  amounts  of  spreading  and  injection  vrere  assumed  to  be 
the   same  as  these  amounts  in  1990  before  the   safe-jrield  operation  com- 
mences for  each  plan.     Based  on  these  assumptions,   the  amounts  of  average 
annual  extractions  of  ground  water  for  each  plan  of  operation  were  ad- 
justed so  that  the  difference  between  fresh  v/ater  inflow  and  outflow  in 
the   zone  of  saturation  would  be  zero  for  each  year  after  1990. 

After  determination  of  the  annual  costs  of  operation  for  the  year  1991 
under  these  water   supply  conditions,   the   annual  costs  were  assumed  to 
continue  to  perpetuity.     IThile  this  condition  \d.ll  not  actually  happen, 
the  annual  cost  for  the  portion  of  the  area  for  which  ^vater  requirement 
is   satisfied  up  to  1991  could  be  approximately  equal.     This  is  because 
the  unit  cost  of  water  from  the  next  unit  of  The  California  Water  Plan 
■vri-ll  increase  only  slightly  and  the  effect  of  increase  in  unit  price  is 
further  decreased  "oy  the  present  vrorth  factor.     The  water  requirement 
over  and  above  that  which  will  exist   in  1991  an<i  considered  to  be  met  from  a 
source  common  to  pi"!    plans  of  operation  and  the  cost  consequently  of  that 
portion  -id-ll  be  the   same  for  each  plan  of  operation.     The  annual  cost 
from  1991  "to  perpetuity  was  converted  to  present  worth  by  dividing  the 
annual  cost  by  the  interest  rate  and  multiplying  \rith  the  correct   single- 
payment  present-vrorth  factor.     This  vras  added  to  the  present  vrorth  of 
v/ater  service  from  the  present  to  1990,   to  arrive  at  the  total  present 
vrorth  of  perpetual  -tirater  service  for  the  selected  plans  of  operation. 

In  all  these  determinations,   the  19^3  cost  level   w-as  assumed  to  be  fixed 
during  the   study  period.     Historical  costs  were  brought  up  to  19^3  cost 
levels  by  applying  the  Engineering  News  Record  Construction  Costs  Index. 


Economic  Comparison  of  Alternative  Plans 

In  the  economic   comparison,   the  alternative  plan  v/ith  the  least  total 
present  worth,  under  a  part;icular  assumption  made  for  determination  of 


the  costs  of  water,  was  selected  as  the  most  economical  plan.  Because 
all  plans  were  formulated  to  satisfy  identical  physical  requirements, 
equal  benefits  were  provided  by  each  of  the  plans.  Therefore,  the  plan 
with  the  least  total  present  worth  had  the  greatest  benefit-to-cost 
ratio. 

Total  present  worths  of  future  costs  during  the  study  period  for  a  large 
number  of  alternatives  were  compared.  As  previously  mentioned,  each 
alternative  was  made  up  of  four  variables — method  of  preventing  sea- 
water  intrusion,  pumping  pattern,  spreading  schedule,  and  extraction 
schedule.  Figure  6  illustrates  how  this  comparison  could  be  systemat- 
ically conducted. 

Assume  an  infinitely  long  baj:,  a  part  of  which  is  shown  in  the  upper  left- 
hand  side  of  this  figure.  This  bax  has  been  divided  into  many  segments; 
in  turn,  each  of  the  segments  has  been  further  subdivided  into  halves. 
Each  segment  represents  a  pximping  pattern  and  each  half  of  the  segment 
represents  one  of  the  two  methods  of  preventing  sea-water  intrusion:  by 
a  freshwater  barrier,  or  by  the  seaward  gradient  of  ground  water.  One 
of  these  pumping  pattern  segments  has  been  enlarged  in  the  lower  portion 
of  the  figure  for  additional  clarification. 

Within  each  half  segment,  three  perpendicular  axes  are  shown.  The 
vertical  axis  represents  the  total  present  worth,  in  dollars,  of  each 
alternative  plan  of  operation.  The  other  two  axes  represent  a  spreading 
schedule  of  imported  water  and  an  extraction  schedule  of  ground  water 
for  each  corresponding  alternative  plan  of  operation  within  einy  one 
pumping  pattern. 

Present  worths  can  be  plotted  for  alternative  plans  of  operation  defined 
by  a  constant  spreading  schedule  and  a  number  of  varying  extrax;tion 
schedules.   In  a  plane  of  the  segment  representing  the  constant  spreading 
schedule,  a  line  connecting  the  plotted  points  will  then  represent  a 
curve  of  present  worths  of  alternatives  as  a  function  of  the  amounts  of 
extractions.  By  using  a  different  spreading  schedule,  which  represents 
another  plane  parallel  to  the  first  plane,  the  present  worth  of  other  con- 
stant recharge  alternatives  can  also  be  plotted  as  functions  of  amounts 
of  extraction.  The  same  procedure  can  be  repeated  for  many  spreading 
schedules.  V/hen  all  plotted  points  are  connected,  the  three-dimensional 
cost  surface  may  take  the  shape  of  a  bowl,  as  shown  on  the  figure.  The 
lowest  point  of  the  bowl  indicates  the  most  economical  set  of  spreading 
and  extraction  schedules  for  a  specified  pumping  pattern  and  for  a  par- 
ticular method  of  preventing  sea-water  intmsion.  Similar  emalyses  can 
be  conducted  for  other  pumping  patterns  and  methods  of  preventing  sea- 
water  intrusion. 

Finally,  by  comparing  the  minimum  cost  points  within  the  half  segments, 
one  of  the  methods  of  preventing  sea-water  intrusion  can  be  selected  as 
the  more  economical.  Inspection  of  the  cost  curves  for  the  more 
economical  method  of  preventing  sea- water  intrusion  will  suggest  the 
operating  plan  under  which  the  present  worth  of  future  costs  would  be 
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at  a  miniinuni.  Through  this  process,  all  the  four  variables  were  con- 
sidered in  the  determination  of  the  roost  economical  plsin  of  operation. 

The  amounts  of  replenishment  and  extraction  investigated,  however,  v/ere 
limited  on  both  the  upper  and  lower  sides  by  physical  boundary  condi- 
tions which  have  been  previously  described  in  this  chapter.  Thus,  the 
economic  analysis  did  not  encompass  an  entire  cost  surface  of  the  bowl, 
as  is  shown  on  Figure  6,  but  \^^as  limited  to  only  a  small  portion  of  that 
bowl.  The  missing  portion  included  the  lo-srest  point  of  the  bowl,  and 
the  significance  of  this  omission  is  discussed  in  the  following  section. 


Selection  of  Five  Plans  of  Operation 
for  Detailed  Discussion 

A  total  of  58  plans  of  operation  were  analyzed,  based  on  the  price  of 
water  schedule  shown  on  Table  9»  The  operational  and  economic  informa- 
tion developed  for  each  plan  was  voluminous.  Therefore,  the  number  of 
plans  selected  for  detailed  discussion  had.  to  be  limited.  Five  plans 
were  chosen. 

In  selecting  these  plans,  it  was  concluded  that,  for  comparison,  one 
plan  of  operation  should  be  the  one  '.vhich  would  provide  water  service  at 
the  lo^rest  cost  from  a  regional  point  of  view.  Three  of  the  other  plans 
selected  were  identical  to  this  least-cost  plan  in  all  but  one  of  the 
operational  variables.  For  all  four  plans,  the  method  of  preventing  sea- 
crater  intrusion,  the  schedules  of  imported  water  spreading,  and  the 
pumping  patterns  vrere  identical:  the  amount  of  extraction  varied  with 
each  plan.  The  fifth  plan  of  operation  approximates  19^3  operating  con- 
ditions and  has  schedules  which  are  not  identical  to  the  other  four  plans. 

For  determining  the  basic  least-cost  plan  of  operation,  relationships 
were  established  between  the  total  cost  of  operation  and  identifiable 
elements  of  operation  that  affect  the  cost  of  operation  significantly. 
The  isolated  relationships  were  those  between  total  cost  of  operation 
and  method  of  preventing  sea- water  intrusion,  amount  of  spreading,  amount 
of  ground  water  utilized,  and  pumping  pattern.  Plans  of  operation  were 
formulated  to  incorporate  these  relationships,  and  they  were  successively 
analyzed. 

The  more  economical  of  the  two  methods  of  preventing  saline  intrusion 
was  determined  by  comparing  the  present  worth  of  the  total  cost  of 
operation  for  a  number  of  plans.  First,  from  among  a  number  of  plans  re- 
quiring seaward  gradients  of  fresh  \Ta.teT,   the  most  economical  was  selec- 
ted. Then  the  present  worth  for  this  selected  plan  was  compared  with 
the  present  worths  of  plans  that  use  additional  freshwater  barriers.  In 
this  comparison,  it  was  found  that  the  present  worth  of  future  cost  of 
the  most  economical  seaward  gradient  plan  was  much  larger  than  those  of 
other  plans  requiring  freshwater  barriers.  During  this  phase  of  the 
study,  it  was  also  found  that  seaward  gradients  of  fresh  water  could  not 
be  created  in  a  short  time  by  reasonable  reductions  in  ground  water 
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extractions  along  the  coast,  even  if  large  amounts  of  replenishment  vrater 
were  spread  at  existing  spreading  grounds.  Therefore,  the  plans  requiring 
seaward  gradients  were  eliminated  from  further  consideration. 

In  analyzing  the  relationship  between  the  total  cost  of  operation  and  the 
annual  amount  of  spreading,  t\ro  groups  of  plans  were  compared.  Plans 
within  each  group  were  designed  so  that  identical  pumping  schedules  and 
pumping  patterns  were  imposed  and  the  only  difference  among  the  plans  was 
the  spreading  schedules.  The  results  of  the  comparison  are  shown  on 
Figure  7A.  As  shown  by  this  figure,  irrespective  of  other  operational 
vsiriables,  the  present  worth  of  the  total  cost  of  operation  increases  as 
the  amount  of  spreading  of  imported  water  increases.  For  the  two  groups 
of  plans  analyzed,  the  cost  of  operation  ranged  from  $5^0  to  $590  million, 
^vhile  the  average  annual  amount  of  spreading  ranged  from  20,000  to 
95,000  acre -feet. 

The  relation  between  the  total  cost  of  operation  and  amounts  of  extraction 
was  analyzed  by  plotting  present  worths  of  the  total  cost  of  operation 
for  many  plans  of  operation  as  a  function  of  the  cumulative  decrease  or 
increase  of  fresh  ground  water  in  the  zone  of  saturation.  A  comparison 
of  these  plots  showed  that  water  service  becomes  more  economical  with  a 
greater  use  of  the  ground  water  in  storage.  This  relationship  is  seen  by 
curve  la  of  Figure  13  (page  95)»  which  shows  the  present  worths  of  selec- 
ted alternatives  for  the  study  period.  This  relationship  \ras   confirmed 
by  further  analysis  of  several  plans,  which  indicated  that  the  amount  of 
ground  water  utilized  is  the  largest  element  that  affects  the  total  cost 
of  operation. 

On  the  basis  of  this  conclusion,  plans  of  operation  that  would  use  as 
much  ground  water  as  possible  ^^rere  formulated  for  further  study.  The 
amount  of  ground  water  utilization,  however,  was  limited  by  pumping 
patterns.  As  discussed  previously,  the  upper  limit  of  extraction  for 
each  economic  area  was  set  by  the  applied  '.rater  demand  and  assumed  water 
delivery  from  outside  sources.  To  utilize  large  amounts  of  ground  water, 
a  pumping  pattern  had  to  be  selected  so  that  the  amount  of  extraction  in 
each  operational  area  did  not  exceed  the  upper  limit.  Althoiigh  it  was 
known  that  as  ground  water  use  increased,  the  plan  of  operation  became 
more  economical,  it  was  also  found  that  large  amounts  of  extractions 
along  the  coast,  where  the  aquifers  are  in  hydraulic  continuity  with  the 
ocean,  would  tend  to  increase  the  cost  of  operation  due  to  the  resulting 
increased  cost  of  preventing  sea-water  intrusion.  This  relationship  was 
found  by  comparing  the  present  worths  of  several  plans  of  operation  with 
identical  operational  variables  except  for  pumping  schedules  in  the  V7est 
Coast  Basin.  As  shown  on  Figure  JB,   the  present  vrorths  of  the  total 
costs  of  operation  for  the  study  period  for  the  plans  studied  rise  as 
the  annual  amount  of  extraction  is  increased  in  the  West  Coast  Basin. 

These  analyses  indicated  that  the  most  economical  plan  would  be  one  that 
included  freshwater- injection  barriers  for  protection  of  the  basin 
against  sea- water  intrusion,  the  least  amount  of  spread  imported  water, 
a  pumping  pattern  allowing  only  a  small  amount  of  extractions  along  the 
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coast,  and  a  pumping  schedvile  that  permits  as  much  use  of  ground  water  as 
possible  in  the  remaining  area.  In  applying  these  conclusions,  however, 
the  amount  of  extractions  in  the  West  Coast  Basin  throijghout  the  study 
period  was  held  arbitrarily  to  the  same  amount  as  that  extracted  in 
1956-57.  So  that  meaningful  evaluations  might  be  made  for  the  condition 
which  exists  in  the  West  Coast  Basin,  the  pumping  pattern  was  selected 
to  impose  the  largest  amount  of  uniform  annual  piiraping  in  the  remaining 
area,  even  though  it  was  recognized  at  the  time  of  study  that  adjudica- 
tion and  subsequent  limitation  on  pumping  might  be  forthcoming. 

Several  plans  of  operation  using  the  above  criteria  were  analyzed  to 
determine  the  most  economical  plan  of  operation.  For  those  plans,  the 
only  variable  was  the  total  amount  of  extraction  in  the  area  outside  the 
West  Coast  Basin.  Plan  117-11  was  found  to  be  most  economical. 

Plans  117-^,  117-5^  and  117-T  have  the  same  amounts  for  each  operational 
variable  as  plan  117-11  except  for  the  annual  amount  of  extraction. 
Therefore,  these  four  plans  were  selected  for  detailed  discussion  in 
the  next  chapter.  In  addition,  plan  318-5  was  selected  for  further  dis- 
cussion. This  plan  approximates  most  closely  the  present  (19^3)  plan  of 
operating  the  basins  without  increasing  or  decreasing  freshwater  supply 
in  the  ground  vrater  basins.  This  plan  is  the  result  of  years  of  plan- 
ning and  effort  on  the  part  of  local  water  agencies  and  it  has  been 
operating  satisfactorily. 

Curve  la  on  Figure  13  (page  95)  shows  the  plot  of  the  present  worths  of 
total  cost  of  operation  for  the  selected  plans  of  operation.  Note  that, 
during  the  study  period,  even  with  the  use  of  the  maximum  amount  of 
ground  water,  under  the  pumping  schedule  that  calls  for  equal  annual 
amounts  of  extraction  after  1972,  the  present  ^rorth  of  the  total  costs 
of  operation  has  not  reached  the  bottom  of  the  bowl  envisioned  for  cost 
comparison,  which  was  described  earlier. 

In  fact,  the  cost  surface  bounded  by  the  lines  delineating  the  extent  of 
physical  possibilities  resembles  a  rectangular  sheet  of  paper  that  has 
been  tilted  so  that  one  of  the  comers  is  lower  than  any  other  part  of 
the  sheet  and  whose  edges  are  curved  as  shown  schematically  on  Figure  8. 
Curve  la  on  Figure  13  may  be  thought  as  representing  the  lowest  edge  of 
the  cost  surface  on  Figure  8.  The  curve  indicating  the  present  -ivorths 
of  the  alternatives  with  vaiying  extraction  schedules  and  the  largest 
spreading  schedules  may  be  considered  to  be  represented  by  the  opposite 
edge.  The  two  remaining  edges  represent  the  curves  that  indicate  the  pres- 
ent worths  of  the  alternatives  with  varying  ^reading  schedules  and  the 
upper  and  lower  limits  of  extraction  schedules.  The  curvature  of  the 
opposite  edge  and  the  remaining  edges  can  be  deduced  from  the  curves  and 
the  relationships  between  the  present  worths  and  the  spreading  and  ex- 
traction schedules  that  have  been  presented  heretofore. 

The  cost  surface  for  a  physically  possible  plan  of  operation,  which  was 
compared  to  a  rectangular  sheet  of  paper,  occupies  only  a  very  small 


-70- 


COST  SURFACE 


PLANE  SHOWING 

UPPER  LIMIT   OF 

SPREADING 


PLANE  SHOWING 
UPPER  LIMIT  OF 
EXTRACTION 


CURVE  OF   FIVE   SELECTED 
PLANS   OF  OPERATION 


PLANE    SHOWING 
ZERO  COST 


LOWER  LIMIT  OF  EXTRACTION 


LOWER   LIMIT  OF   SPREADING 


Figure  8 
SCHEMATIC  REPRESENTATION  OF  THE  COST  SURFACE 
COMPOSED   OF  PHYSICALLY  POSSIBLE  PLANS  OF  OPERATION 
IN    THE   COASTAL  PLAIN  OF  LOS  ANGELES    COUNTY 
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portion  of  the  bowl  shown  on  Figure  6.  The  remaining  portion  of  the 
bowl,  including  the  lowest  point,  lies  in  the  area  of  physical  impossi- 
bilities axicording  to  the  criteria  adopted  for  this  investigation. 
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CHAPTER  rV.   DETAILED  ANALYSES  OF  SELECTED 
PLANS  OF  OPERATION 


Five  plans  of  operation,  representing  a  wide  range  of  possible  alterna- 
tive plans,  were  selected  for  detailed  analysis.  The  basis  of  this 
selection  is  given  in  Chapter  III.  Chapter  IV  presents  the  results  of 
the  detailed  analysis  of  each  of  the  plans,  including  data  on  water  de- 
mands, surface  water  and  ground  water  supplies,  ground  water  level  eleva- 
tions, surface  water  and  ground  water  facilities,  electrical  energy 
requirements,  and  economics.  As  will  be  shown  in  this  chapter,  the  price 
of  imported  water  is  an  overwhelming  factor  in  the  economics  of  water 
service  in  the  study  area.  Therefore,  the  economic  analyses  of  the  five 
selected  plans  of  operation  were  based  on  three  different  sets  of  assump- 
tions affecting  the  price  of  imported  water. 

During  the  period  of  this  study,  the  assigned  conditions  affecting  the 
economics  of  water  service  changed  significantly,  and  they  will  probably 
continue  to  change  in  the  future.  To  evaluate  the  validity  of  the 
results  of  the  investigation  on  the  basis  of  these  changed  assumptions, 
analyses  were  made  of  the  effect  of  the  changes  on  the  findings  of  the 
investigation.  These  analyses  indicated  that  the  changes  in  assumed 
conditions  did  not  alter  the  origineil  findings.  The  results  of  these 
analyses  are  discussed  here  with  respect  to  the  economics  of  operation 
as  aiffected  by  the  four  independent  variables  of  ground  water  basin 
operation,  as  well  as  the  price  of  imported  water. 


Description  of  Selected  Plans  of  Operation 

For  the  five  selected  plans,  sea-water  intrusion  was  prevented  by  con- 
struction and  operation  of  freshwater  barriers,  because  this  method  was 
found  to  be  most  economical.  This  substantiates  the  decision  made  by 
the  Los  Angeles  County  Flood  Control  District  to  construct  freshwater 
barriers  to  repel  sea-water  intnasion.  Also,  the  average  amounts  of 
annual  spreading  of  imported  water  at  the  spreading  grounds  at  Montebello 
Forebay  for  all  plans,  except  plan  3l8-5>  were  kept  less  than  9^500  sicre- 
feet,  and  selected  annual  amounts  of  pumping  after  1972  were  held  con- 
stant for  all  plans.  However,  the  magnitude  of  the  selected  annual 
pumping  was  varied  for  each  plan  so  that  the  accumulated  change  in 
storage  of  fresh  wscter  in  -the  zone  of  saturation  would  vary  widely.  This 
permitted  obtaining  of  information  on  a  wide  rsuige  of  basin  operation. 
The  annual  amounts  of  extractions,  from  1972  to  1990^  by  operationsLL 
area  for  the  selected  plans  of  operation  axe  shown  on  Plate  7« 

The  average  annual  amounts  of  controllable  items  of  ground  water  basin 
operation  (extraction  and  replenishment)  are  shown  for  each  plan  of 
operation  in  Table  l8.  The  pumping  pattern,  as  percent  of  total  extrac- 
tion for  each  operational  area,  is  shown  on  Plate  8.  The  items  of  basin 
operation  that  were  common  for  all  plems  of  operation  axe  not  shown 
ajonually  in  the  table.  The  difference  between  the  total  extraction 
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TABLE  18 


EXTRACTION  AND  REPLENISHMENT  SCHEDULE  IN  THE 

COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY  FOR  THE 

STUDY  PERIOD  196i  THROUGH  1990 

In  thousands  of  acre- feet 


Plan 

number 

Year 

318-5 

117-1* 

117-5 

U7-7 

117 

-11 

Extrac- 

■ ;  Replen- 

Extrac- 

; Replen- 

Extrac- 

- \   Replen- 

Extrac- 

; Replen- 

Extrac-  ; 

Replen- 

tion 

1  ishment* 

tion 

]   ishment* 

tion 

■  ishment* 

tion 

;  ishment* 

tion   ; 

ishment* 

1963 

30U 

65 

293 

61* 

317 

65 

31*1* 

66 

368 

67 

I96I. 

291 

78 

26U 

55 

301 

51 

31*0 

U8 

388 

51 

1965 

278 

79 

236 

38 

281* 

35 

336 

33 

1*08 

1*0 

1966 

?80 

103 

237 

61* 

286 

61* 

336 

65 

Ul6 

71* 

1967 

281 

102 

239 

62 

287 

66 

336 

71 

l*2U 

85 

1968 

282 

117 

2U5 

79 

288 

82 

336 

90 

1*32 

101* 

1969 

28j 

io:-i 

252 

66 

290 

69 

336 

80 

1*39 

91* 

1970 

283 

102 

255 

65 

291 

68 

337 

82 

W*7 

97 

1971 

28U 

101 

258 

65 

292 

67 

338 

85 

1*55 

100 

1972 

281 

100 

2U7 

66 

287 

69 

337 

85 

1*57 

106 

1973 

278 

98 

237 

65 

282 

68 

336 

81* 

1*59 

111 

I97U 

278 

98 

232 

63 

282 

67 

336 

85 

1*59 

llU 

1975 

278 

96 

228 

62 

282 

67 

336 

85 

1*59 

118 

1976 

278 

95 

228 

60 

282 

68 

336 

86 

1*59 

122 

1977 

278 

95 

228 

59 

282 

68 

336 

87 

1*59 

I2U 

1978 

278 

91* 

228 

58 

282 

69 

336 

87 

1*59 

127 

1979 

278 

9U 

228 

57 

282 

S8 

336 

87 

1*59 

131 

1980 

278 

91* 

228 

57 

282 

69 

336 

88 

1*59 

132 

1961 

278 

93 

228 

57 

282 

69 

336 

89 

1*59 

135 

198? 

278 

93 

228 

55 

282 

69 

336 

90 

1*59 

137 

I9B3 

278 

93 

228 

55 

282 

70 

336 

89 

1*59 

ll*0 

I98U 

278 

93 

228 

55 

282 

70 

336 

91 

1*59 

11*1 

1985 

278 

93 

228 

51* 

282 

■69 

336 

91 

1*59 

11*1* 

1986 

278 

92 

228 

51* 

282 

69 

336 

91 

1*59 

11*5 

I9B7 

278 

92 

228 

51* 

282 

70 

336 

92 

U59 

11*6 

1988 

278 

92 

228 

51* 

282 

70 

336 

92 

1*59 

11*8 

X989 

278 

92 

228 

51* 

282 

70 

336 

93 

1*59 

150 

1990 

278 

?2 

228 

?? 

282 

71* 

336 

,   ?? 

"*?? 

l?l 

Subtotals 

7,851 

2,639 

6,61*3 

1,650 

7,999 

1,880 

9,1*21* 

2,307 

12,U96 

3,231* 

Replenish- 

ment eonmo 

n 

to  aU 

plans 

7,851 

5,250 
7.889 

5,250 
6,900 

?.250 
7,130 

5,250 
7,557 

5,250 

TOTALS 

6,61*3 

7,999 

9,1*21* 

12,1*96 

8,1*81* 

"FLjure   ln"ludes  both   spreading  and    injef^tion  denand 


and  total  replenishment  indicates  the  increase  or  reduction  of  fresh  water 
in  storage  in  the  ground  '.ra.ter  basins.  The  detailed  information  on 
both  the  controllable  items  and  the  items  of  replenishment  common  to 
all  plans  are  presented  in  Sheets  2  and  3  of  Attachments  11  through  15, 
respectively,  for  the  five  selected  plans. 
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For  plan  3l8-5^   the  amounts  of  annual   spreading  were  made  large  and  the 
amounts  of  annual  extraction  were  varied  so  that  there  would  be  little 
change  in  the  amount  of  ground  water  in  storage.     Plan   318-5  represents 
the  current  operational  scheme  in  the  Coastal  Plain.     Although  the 
pumping  pattern  and  spreading  schedule  for  this  plan  are  not  the   same 
as  for  the  other  four  plans,    it  was  selected  to  show  operational  and 
economic   information  on  this  plan  in  comparison  with  that  of  the  other 
plans. 

These  plans  of  operation  were  related  to  the  four  operational  variables 
described  in  Chapter  III.     However,   for  identification,   the  plans  also 
could  be  related  to  the  amount  of  increase  or  reduction  of  fresh  water 
in  the  zone  of  saturation,   which  is  a  measure  of  the  combined  effects 
of  controllable  and  comnxDn  elements  of  basin  operation  under  various 
plans  of  operation.     Specifically,   for  plans  117-U,    117-5,    117-7^   and 
117-11^   the  accumulated  reduction  in  the  ground  water  in  storage,   during 
1963  through  1990*   also  is  a  measure  of  ground  water  extractions,    since 
amounts  of  annual  spreading  were  made  small  for  each  plan  and  amounts  of 
injection  of  fresh  water  to  prevent   sea-water  intrusion  i-reve  varied 
according  to  needs.     The  resulting  accumulated  reduction  in  ground  water 
in  storage  ranged  from  approximately  zero  to  U, 000, 000  acre-feet.      In 
subsequent  discussions,   this  means  of  identifying  each  plan  will  often 
be  used  to  permit  easy  identification  of  the  relative  magnitude  of 
ground  water  extracted  under  the  various  plans. 

For  plan  117-11,   the  accumulated  reduction  of  ground  water  in  storage 
was  approximately  U, 000,000  acre-feet.     This  plan  represents  the 
operational   scheme  that  allows  the  largest  use  of  ground  water  and  the 
smallest  use  of  imported   surface  ^mter  for  the   series  of  plans  with 
constant  annual  amounts  of  extraction  after  1972.     On  the  average, 
approximately  7^000  acre-feet  of  imported  water  was  scheduled  to  be 
spread  annually,    in  addition  to  the  13,000  acre-feet  of  reclaimed  water 
that  was  assumed  to  be  spread  for  all  plans.     The  computed  required 
amounts  of  annual  injection  varied  from  12,000  acre-feet  in  19^3  to 
ll4-0,000  acre-feet  in  1990*     Annual  amounts  of  extraction  in  the  Coastal 
Plain  were  gradually  increased,   from  3^8,000  acre-feet  in  19^3  to 
U57,000  acre-feet  in  1972.     The  annual  extraction  after  1972  was  ij-59,000 
acre-feet,    representing  lU^i  percent  of  the  amount  extracted  in  1957*« 

An  average  extraction  rate  of  175^000  acre-feet  annually  was  imposed  in 
operational  areas  3  and  k,   and  an  average  extraction  rate  of  69,700 
acre-feet  annually  was  imposed  in  operational  areas  6  and  9.     These 
latter  two  areas  essentiauLly  represent  the  West  Coast  Basin. 

For  plan  117-7*  the  accumulated  reduction  of  ground  water  in  storage  was 
approximately  2,000,000  acre-feet.     An  annual  average  of  about  6,U00 
acre-feet  of  imported  water  was  spread  at  Montebello  Forebay.     Required 


*The  last  yeeu:  of  the  23-year  base  period  of  hydrologic  history  used 
for  this  study. 
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euDOunts  of  annual  injection  of  fresh  water  varied  from  12,000  acre-feet 
in  1963  to  81+, 000  acre-feet  in  1990.     As  in  plan  117-11.  the  annual 
anx3unt  of  extraction  in  the  West  Coast  Basin  was  approximately  69,600  acre- 
feet;   the  pumping  pattern  was  the   same  for  plan  117-11.     Annual  extraction 
was  approximately  3^+0,000  acre-feet  before  1972;    annual  extraction  after 
1972  was  335,600  acre-feet  or  105  percent  of  the  amount  of  1957  extraction. 

For  plan  117-5^   the  accumulated  reduction  of  ground  water  in  storage  was 
approximately  1,000,000  acre-feet.     The  average  annual  amount  of 
spreading  was  about  6,300  ax;re-feet,    and  the  required  amount  of  annual 
injection  varied  from  11,000  acre-feet  to  6o,000  aicre-feet.     The  amount 
of  annual  extraction  before  1972  varied  from  317,000  to  287,000  acre- 
feet.     After  1972,   the  annual  extrax;tion  was  282,000  acre-feet,   or 
approximately  90  percent  of  the  1956-57  extractions.     The  pumping  pattern 
was  kept  the  same  as  that  for  plan  117-11. 

For  plan  117-^,   the  accvunulated  change  in  the  amount  of  ground  water  in 
storage  was  approximately  zero.     About   9>500  acre-feet  annually  of 
imported  water  was  presumed  to  be  spread  in  the  spreading  grounds. 
Amounts  of  required  annual  injection  of  fresh  v;ater  varied  from  11,000 
acre-feet  in  I963  to  ^9,000  acre-feet  in  1990*     The  pumping  pattern  was 
also  the  ssune  as  for  plan  117-11.     The  annual  extraction  after  1972  was 
228,000  acre-feet.     This  amount  r^ resents  approximately  70  percent  of 
the  amount  of  1957  extraction  and  is  about  half  the  extraction  schedule 
of  plan  117-11. 

For  plan  3l8-5^   the  accviraulated  change  in  the  amount  of  ground  water  in 
storage  was  also  approximately  zero.     About  1+2,700  acre-feet  of  imported 
water  was  spread  annually.     Amounts  of  required  annual  injection  were 
varied  from  11,000  acre-feet  to  14-8,000  acre-feet.     The  pumping  pattern 
represents  the  existing  pumping  pattern  in  the  Coastal  Plain.     The 
amounts  of  annual  extraction  were  varied  from  30l+,000  to  28l,000  acre- 
feet  before  1972  and  were  held  constant  at  278,000  acre-feet  after  1972. 
This  represents  the  course  presently  being  pursued  in  the  Coastal  Plain, 


Water  Demand  and  Water  Supply 

For  each  of  the  five  plans,    inventories  were  kept  of  annual  amounts  of 
eajch  item  of  water  demand  and  water  supply.     These  components  of  water 
demand  and  supply  from  I963  through  1990  are   shown  in  Sheet  k  of 
Attachments  11  through  15 . 

Total  water  demand  varied  with  each  plan  of  operation.     As  shown  in 
Table  19,   the  total  water  demand  was  comprised  of  the  applied  water 
demand,   the  injection  demand,    and  the   spreading  demand.     From  I963  to 
1990*   applied  water  demand  schedules  were  the   same  for  each  plan  of 
operation.     However,   demand  for  injection  water  was  determined  as  a 
dependent  variable  by  use  of  the  mathematical  model,    and  the  amount  of 
spreading  of  imported  water  was  one  of  the  independent  variables  selected 
within  the  physical  limitations  of  the  basins. 
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TABLE  19 

TOTAL  AMOUNTS  OF  COI'IPONENTS  OF  VJATER  DEMAOT)  AND 
SUPPLY  IN  THE  COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY  FOR 
THE  STUDY  PERIOD  I963  THROUGH  I99O  FOR 
SELECTED  PLANS  OF  OPERATION 

In  thousands  of  acre- feet 


Component 

Plan  niimber 

• 

. 

• 

. 

318-5  : 

117-^  ! 

• 

117-5  . 

• 

117-7  . 

117-11 

Water  demand 

Applied  water  demand 

30,010 

30,010 

30,010 

30,010 

30,010 

Injection  demand 

1,080 

1,020 

1,3^+0 

1,760 

2,670 

Spreading  demand 

1,560 

630 

5^ 

5^0 

560 

TOTAL  WATER  DEMAND 

32,650 

31,660 

31,890 

32,320 

33,2Uo 

Water  supply 

Import  by  Los  Angeles 
Department  of  Water 
and  Power 

3,8iK) 

3,8l40 

3,8iK) 

3,81*0 

3,8^40 

Import  from  San  Gabriel 
Valley 

280 

280 

280 

280 

280 

Import  by  MWD 

Softened  industrial 
and  domestic 

6,kS0 

6,1^80 

6,i*60 

6,l460 

6,410 

Filtered  industrial 
and  domestic 

11,560 

12,770 

11,1+20 

10,000 

6,990 

Filtered  injection 
water 

1,090 

1,020 

l,3i+0 

1,760 

2,670 

Raw  spread  water 

1,190 

270 

170 

180 

200 

Reclaimed  waste  water 

360 

360 

360 

360 

360 

Groxmd  water  extraction 

7,850 

6,6Uo 

8,000 

9,420 

12,490 

TOTAL  WATER  SUPPLY 

32,650 

31,660 

31,890 

32,320 

33,240 
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Apparently  the  differences  in  the  total  water  demand  are  mainly  due  to 
the  differences  in  requirements  for  injection  of  fresh  water.  Table  19 
shows  that  plan  117-^  requires  an  accumulated  amount  of  1,020,000  acre- 
feet  of  injected  water  but  that  plan  117-11  requires  about  2,670,000 
acre-feet,  or  more  than  one  and  one-half  times  that  of  plan  117-^.  To 
further  illustrate  the  differences  in  injection  requirements,  annual 
acciimulated  amounts  of  injection  demands  were  plotted  for  Figure  9» 
The  slopes  of  the  curves  change  in  1^66.     This  change  reflects  the 
increased  injection  requirements  in  that  year  due  to  commencement  of 
the  operation  of  required  additional  injection  barriers.  After  19^6, 
the  change  of  slope  of  the  curves  is  greater  when  the  use  of  ground 
water  is  greater.  For  plans  117-11  and  117-7^  "the  change  of  slope 
became  negligible  at  about  1985*  This  indicates  that  the  water  levels 
along  the  coast  were  approximately  stabilized  from  that  year  on. 

In  each  year  during  the  study  period,  total  water  demands  were  met  by 
imported  water  from  various  sources,  reclaimed  waste  water,  and  locally 
extracted  ground  water.  This  relationship  is  shown  in  Table  19. 

This  table  shows  that  the  schedule  of  imports  by  the  City  of  Los 
Angeles,  imports  from  the  San  Gabriel  Valley,  and  the  supplies  from 
reclaimed  ■t^raste  water  were  the  same  for  axl  plans  of  operation.  However, 
imports  by  the  ttetropolitan  Water  District  and  ground  v/ater  extractions 
varied  with  each  plan  of  operation.  Scheduling  of  ground  water  extrac- 
tions vra.s  one  of  the  independent  variables,  and  the  District's  import 
schedule  i/as  varied  so  as  to  su'oply  the  remaining  portion  of  the  total 
v/ater  demand  not  supplied  by  the  other  sources  of  water  supply.  The 
amount  of  softened  water  available  for  domestic  and  industrial  uses 
was  assumed  to  be  the  same  for  each  plan  of  operation.  For  plan  117-11, 
because  of  the  large  amount  of  ground  -iirater  utilized  and  smaller  applied 
water  demands  during  the  earlier  years,  no  filtered  water  use  v/as 
projected  for  the  first  three  years.  This  is  reflected  in  the  smaller 
amount  of  filtered  water  used  in  plan  117-11  compared  with  the  other 
selected  plans. 


Fresh  Water  Supply  in  Ground  Water  Basins 

To  keep  an  inventory  of  total  amount  of  fresh  i/ater  supply  in  the  zone 
of  saturation,  annual  amounts  of  inflow  into  and  outflow  from  the  zone 
of  saturation  were  accounted  for  and  the  annual  increase  or  reduction 
of  fresh  water  supply  in  the  ground  water  basins  was  determined.  To 
determine  the  total  increase  or  reduction  of  fresh  water  during  the 
study  period,  the  annual  values  were  then  accumulated  for  the  study 
period. 

Items  of  inflow  to  and  outflow  from  the  zone  of  saturation  were  grouped 
for  convenience  of  reference.  Group  1  (items  of  replenishment  common 
to  all  plans  of  operation)  consists  of  subsurface  ground  water  inflow 
and  deep  percolation  of  surface  v/ater  supplies.  Average  annual  amounts 
of  these  items  are  summarized  in  Table  20.  Group  2  (items  not  common  to 
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Figure    9 

ACCUMULATED    TOTAL    FRESH  WATER  INJECTION 

IN    THE  COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY 

FOR  SELECTED   PLANS  OF  OPERATION 
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TABLE   20 

ESTIMATED  AMUAL  AI^CUNTS  OF  REPLENISHMENT 
TO  THE  ZONE  OF  SATURATION,    COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY, 
UTTOER  WATER  SUPPLY  CONDITIONS  OF  MEAN  PRECIPirATION 
FROM  1963  THROUGH  I99O 

In  acre-feet  per  year 

(GROUP  1.        ITEMS  OF  REPLENISHMENT,    COMMON  TO  ALL  PLANS  OF  OPERATION) 

Items  !  Amounts 

Subsurface  ground  water  inflow 

Orange-Los  Angeles  County  29,000* 

Los  Angeles  Forebay  0 

V/hittier  Narrows  28,000 

Subtotal  57, 000 

Deep  percolatioA  of  surface  water  supplies 

Reclaimed  water  13,000 

Rising  water  38,000 

Storm  runoff  10,000 

Precipitation  29,000 

Applied  water  53,000 

Subtotal  lU3,000 

Total  replenishment  common  to  all  plans 

of  operation  200,000 

^Estimated  inflow  in  I96O-61,   adopted  for  use  in  this  investigation. 

Because  subsurface  flow  varies  with  changing  physical  conditions,   this 
figure  is  a  working  estimate  only.     It  is  not  a  forecast  of  future 
physical  conditions.      (See  eilso  Chapter  II,   page  20.) 

fl,n  plans)  consists  of  extracted  ground  water  and  imported  water  for 
spreading  and  injection.  Average  annual  amounts  of  these  items,  for 
each  selected  plan  of  operation,   are  summarized  in  Table  21. 

As  described  in  Chapter  II,  the  amounts  of  spreading  and  extraction  were 
independent  variables,   while  the  amount  of  injection  was  determined  as 
an  item  dependent  on  the  combined  effects  of  all  other  controllable  or 
common  items  of  gro\ind  water  basin  operation.     Annual  variations  in  each 
item  for  the   selected  plans  are  given  in  Sheets  2  and  3  of  Attachments  11 
through  15. 
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TABLE  21 

SUMT-IARY  OF  TOTAL  AICUNTS  OF  CONTROLLABLE 
ITEMS  OF  WATER  SUPPLY  IN  THE  COASTAL  PLAIN  OF 
LOS  ANGELES  COUNTY  FROM  I963  THROUGH  I99O 

In  thousands  of  acre -feet 

(GROUP  2.   HEMS  NOT  COMI'DN  TO  ALL  PLANS  OF  OPERATION) 


Plan 
number 


Items 


Imported  ira,ter     : 
spread  at 
:^bntebello  Forebay: 


Fresh  \mter 
injected  at 
barrier  projects 


Ground  water 
extraction 


318-5 

l,l9i^ 

in-h 

265 

117-5 

173 

117-7 

1B2 

117-11 

197 

1,081 

1,021 

1,3^3 
1,761 
2,673 


7,851 
6,6U3 

7,999 

9,U2U 

12,^4-96 


Of  primary  interest  in  ground  crater  basin  operation  is  the  change  in  the 
amount  of  fresh  ground  vra.ter  in  storage.  Figure  10  shows  annual  values 
of  accumulated  change  in  storage  for  each  plan.  As  stated  before,  the 
range  of  variation  for  the  study  period  is  from  approximately  zero  to  a 
reduction  of  about  four  million  acre-feet. 


Change  in  Ground  Water  Level  Elevations 

Changes  in  the  amount  of  fresh  ground  water  in  storage  affect  water 
level  elevations  in  the  ground  water  basins.  Changes  in  water  levels 
also  are  the  manifestation  of  the  integrated  effect  of  all  items  of 
basin  operation,  and  are  accordingly  the  key  items  for  measuring  these 
effects.  Predicted  water  level  elevations  in  the  equivalent  aquifers 
for  all  plans  were  estimated  by  superpositioning  of  master  influence 
functions,  explained  in  Attachment  6;  the  functions  vrere  developed  by 
using  the  mathematical  model  of  the  ground  crater  basins.  The  estimated 
future  \ra.ter  level  elevations  at  nodes  of  the  mathematical  model  for  the 
five  selected  plans  are  presented  in  Sheet  12  of  Attachments  11  through 
15.  The  vra.ter  level  elevation  contour  map  presented  on  Plate  9,  shov;s  the 
initial  ground  v;ater  level  elevations  of  the  mathematical  model  which 
approximate  the  elevations  that  existed  in  I962, 

The  initial  ground  water  level  elevations  were  determined  by  imposing 
historical  variations  in  items  of  inflow  and  outflow  on  the  mathematical 
model,  starting  from  the  model  elevations  from  1956-57.  Consequently, 
the  initial  ground  water  level  elevations  for  the  year  1962  are  mathe- 
matically balanced  elevations  with  respect  to  the  model.  A  comparison  of 
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Figure  10 
ACCUMULATED    CHANGE    IN  THE  STORAGE  OF  FRESH   GROUND  WATER 
IN    THE  COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY 
FOR  SELECTED   PLANS  OF  OPERATION 
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the  initial  elevations  and  the  actual  elevations  shovm  by  uell  hydro- 
graphs  indicated  that  the  ^mter  level  elevations  determined  by  the 
mathematical  model  were  close  to  the  actual  elevations  in  the  major 
portion  of  the  Coastal  Plain.     An  example  of  a  good  match  is   shown  on 
Figure  5-^f   Attachment  5« 

Maps  sho\in.ng  contour  lines  of  computed  equal  changes  in  ground  water 
levels  between  I962  and  1990  for  each  selected  plan  are   shown  on 
Plates  10  through  ik.     Plate  10  shows  the  changes  in  piezometric   levels 
for  plan  117-^,   the  plan  vath  almost  no  net  change  in  storage  during 
this  period.     As  sho\m  on  Plate  10,    water  levels  in  the  West  Coast  Basin 
were  projected  to  rise  as  much  as  Uo  feet.      In  the  ttontebello  Forebay 
Area,   the  rise  in  vra.ter  levels  was  projected  to  be  roughly  10  feet,    and 
in  the  Central  Basin,   the  plate   shows  a  forecast  maximum  rise  of  70  feet 
in  the   southeastern  end  and  a  maximum  fall  of  UO  feet  in  the  northern 
end.     The  rise  in  the   southern  end  is  mainly  due  to  the  subsurface  flow 
from  Orange  County,    assumed  as  a  boundary  condition  for  the  investigation. 

When  the  crater  levels  in  the   southerly  portion  of  the  Central  Basin  rise, 
the   subsurface  flow  at  the  Los  Angeles-Orange  County  boundary  may  change 
with  the  mode  of  operation  in  both  counties  and  the  assumed  29,000  acre- 
feet  of  subsurface  flow  may  be  reduced.      If  the  probable  change  is  such 
that  the   subsurface  flow  \irould  be  reduced  to  zero  in  1970  and  remain 
zero  until  1990,   the  magnitude  of  \ra.ter  level  rise  in  the   southeastern 
portion  of  the  Central  Basin  would  be  approximately  30  feet  less  than 
shovm  on  Plate  10  for  plan  lYJ-h. 

Plate  13  shows  the  changes  in  ground  water  levels  for  plan  117-ll--the 
plan  with  about  i*^, 000, 000  acre-feet  of  accumulated  reduction  in  fresh 
ground  water  in  storage.     As  shown  on  Plate  13^   ground  water  levels  in 
the  Santa  i^tonica  Basin  would  decline  about  lUO  feet  adjacent  to  the 
Hollyvrood  Basin  boundary.     The  decline  in  the  Hollyv/ood  Basin  v/ould  range 
from  160  to  180  feet,   and  the  vrater  levels  in  the  southeastern  portion  of 
the  West  Coast  Basin  would  decline  as  much  as  lUO  feet.     The  general  de- 
cline in  water  levels  in  the  V/est  Coast  Basin  is  due  to  subsurface  outflow 
from  the  basin  into  the  Central  Basin,   caused  by  heavy  pumping  and  little 
replenishment  in  the  Central  Basin. 

The  heavy  pumping  and   small  replenishment  resulted  in  a  significant  fore- 
casted decline  of  v/ater  levels  in  the  Central  Basin.     Plate  13  shows  that 
the  ground  water  levels  in  the  Montebello  Forebay  Area  irould  decline  as 
much  as  28O  feet  and  that,    in  the  remaining  area  of  the  Central  Basin, 
the  decline  vrould  range  from  60  feet  in  the  southern  portion  to  280  feet 
in  the  central  portion.     The  general  decline  in  water  levels  in  the 
Central  Basin  is  also  due  to  heavy  pumping  imposed  in  this  area  during 
the   study  period.     This  decline  would  result  in  large  amounts  of  subsur- 
face inflow  from  the  West  Coast  Basin,    which  would  contribute  to  the 
decline  of  v/ater  levels  in  that  area  also.     The   smaller  decline  in  the 
southern  portion  of  the  Central  Basin,    as  compared  \d.th  the  decline  in 
the  forebay  area  and  northern  portion  of  the  basin,    is  due  to  the  29,000 
acre-feet  of  subsurface  inflow  from  Orange  County  assumed  as  a  boundary 
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condition  for  the  investigation.  The  amount  assumed  would  he  valid  if 
water  level  elevations  in  Orange  County  declined  slightly  less  than 
those  in  the  Coastal  Plain.  If  the  water  level  in  Orange  County  should 
remain  high,  the  subsurface  flow  would  be  larger  than  the  assumed  amount 
and  the  decline  in  water  level  would  be  smaller  than  the  decline  shown 
on  Plate  13 . 

The  amounts  of  accumulated  reductions  of  groiind  water  in  storage  for 
plans  117-5  (1,000,000  acre-feet)  and  117-7  (2,000,000  acre-feet)  are 
between  the  extremes  of  plans  117-^  and  117-11.  As  is  seen  from 
Plates  11  and  12,  the  changes  in  water  levels  for  plans  117-5  and  117-7 
are  between  those  of  plans  117-^  and  117-11  in  all  areas,  and  these 
changes  are  in  proportion  to  the  changes  in  the  amount  of  ground  water 
in  storage. 

In  addition  to  the  analyses  of  five  selected  plans,  described  above,  the 
changes  in  ground  water  level  elevations  were  approximated  for  fluctua- 
tions of  water  supply  due  to  long-term  cyclic  precipitation.  This  study 
was  made  to  estimate  the  ground  water  storage  space  needed  in  the 
Montebello  Forebay  Area  for  conservation  of  rising  water  and  flood  runoff 
from  San  Gabriel  Valley  under  cyclically  changing  precipitation.  In  this 
study,  the  annually  changing  amounts  of  water  conserved  during  the  period 
1933-3^  through  1956-57  in  the  forebay  area  were  adopted  for  use  as  the 
amounts  which  would  be  conserved  in  the  future.  The  fluctuation  in  water 
level  elevations  due  to  this  conservation  was  determined  by  superposi- 
tioning.  A  map  showing  lines  of  equal  change  in  water  level  elevations 
in  the  Coastal  Plain  between  the  beginning  and  the  time  when  the  water 
level  elevations  are  at  the  highest  level,  a  ten-year  period,  is  shown 
on  Plate  15 .  The  rise  in  ground  water  levels,  showing  the  effect  of 
cyclical  variation  in  amounts  of  rising  water  and  flood  runoff,  was  as 
much  as  60  feet  in  the  forebay  area.  The  figure  of  60  feet  was  derived 
for  the  purpose  of  giving  the  approximate  volume  of  storage  capacity 
needed  to  store  the  rising  water  and  flood  runoff  during  the  study 
period. 


Land  Subsidence 

As  described  earlier,  under  plan  117-11  ground  water  levels  declined 
about  280  feet  in  a  portion  of  the  Montebello  Forebay  Area  and  about 
280  feet  in  the  central  portion  of  the  Central  Basin.  With  a  decline  of 
water  levels  of  this  magnitude,  it  is  reasonable  to  assume  that  some 
subsidence  of  land  would  take  place.  Without  a  comprehensive  survey, 
it  is  not  possible  to  establish  a  reliable  relationship  between  a 
specific  plan  of  ground  water  basin  operation  and  a  specific  degree  of 
land  subsidence  or  to  evaluate  the  economic  effects  of  such  subsidence. 
Although  such  a  comprehensive  survey  was  beyond  the  scope  and  cost  limi- 
tations of  this  investigation,  a  limited  study  of  the  subsidence  problem 
was  made.  To  our  knowledge,  no  investigation  has  been  conducted  by 
public  agencies  to  estimate  the  magnitude  and  manner  of  subsidence  in 
the  Coastal  Plain  caused  by  declining  ground  v:ater  levels. 
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Some  land  movements  of  tectonic  origin  have  been  reported  in  Southern 
California;  however,  isolation  of  tectonic  movements  from  movements  due 
to  the  change  in  ground  water  level  is  impossible  with  the  extent  of 
data  available  at  present. 

Even  though  it  is  not  possible  to  forecast  the  magnitude  of  land  subsi- 
dence under  any  selected  ground  water  conditions,  it  is  believed  that 
some  subsidence  may  be  expected  under  a  large  and  continued  drawdown  of 
ground  water  levels  in  the  Coastal  Plain.  Subsidence  may  take  place  in 
the  coastal  region  or  in  the  inland  region.  Under  the  alternatives  that 
were  investigated,  freshvrater  barriers  were  assumed  to  be  maintained 
along  the  coastal  region  and  significant  lowering  of  water  levels  was 
avoided.  Therefore,  it  was  assumed  that  economically  significant  sub- 
sidence would  not  occur  under  any  plan  of  operation  in  this  region. 

As  to  the  subsidence  in  the  inland  region,  the  magnitude  was  expected 
to  be  very  small.  Since  1933^  the  ground  water  levels  ha-ve  alternately 
risen  and  declined  in  the  Coastal  Plain.  The  rise  was  approximately  Uo 
feet  and  the  decline  was  approximately  110  feet  in  the  areas  of  extreme 
water  level  fluctuations.  No  physical  damages  traceable  to  land  subsi- 
dence due  to  decline  of  ground  water  levels  in  the  Coastal  Plain  have 
been  reported,  to  our  knowledge.  It  is  assumed  that  the  land  movement 
has  been  economically  insignificant  in  the  CoastaJ.  Plain,  and  it  is  con- 
cluded that  the  subsidence  would  affect  the  future  economics  of  ground 
water  basins  of  the  Coajrtal  Plain  very  slightly.  For  this  reason,  land 
subsidence  was  not  evaluated  either  operationally  or  economically  in 
this  investigation.  However,  if  ground  water  levels  are  allowed  to  re- 
cede beyond  the  historical  low,  a  careful  vigilance  should  be  kept  on 
land  movements  in  all  areas  of  the  Coastal  Plain. 

Physical  change  in  water-bearing  aquifers  is  possible  as  the  result  of 
drawdown  of  water  levels.  Ho\>rever,  under  the  plans  of  operation  dis- 
cussed in  this  report,  the  maximum  \,d.thdrawal  would  be  h   million  acre- 
feet  out  of  the  more  than  20  million  acre-feet  in  storage  and  a  maximum 
reduction  in  water  levels  of  280  feet.  Historically,  vraiter  levels  have 
been  reduced  about  130  feet  with  no  apparent  effect  on  storage  and  trans- 
missive  characteristics.  Thus,  it  vra.s  assumed  that  the  effect  of  the 
additional  150  feet  of  drawdown  would  also  be  negligible. 


Reliability  of  Mathematical  ?-fodel 

In  Chapter  III,  it  was  stated  that  the  mathematical  model,  on  which 
future  water  level  elevations  were  estimated,  was  verified  with  histori- 
cal water  inflow-outflow  data  and  water  level  elevations.  The  model, 
and  consequently,  the  result  of  the  study,  are  most  reliable  for  the 
plans  under  which  water  level  elevations  will  fluctuate  within  the 
historical  variation.  The  reliability  would  diminish  as  water  level 
elevations  fluctuate  beyond  the  historical  variation.  After  careful 
analyses,  it  was  concluded  that  the  model  was  reliable  for  this  study 
for  the  conditions  in  which  water  level  elevations  remain  above  the  base 
of  the  Lynwood  aquifer. 
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The  Lynwood  aquifer  extends  over  the  entire  Central  Basin,   the  east  half 
of  the  V/est  Coast  Basin,    and  a  small  area  in  the  western  part  of  the 
Hollj'^rood  Basin.     The  base  of  the  aquifer  ranges  in  elevation  from  200  to 
950  feet  below  mean  sea  level  in  the  Central  Basin  and  from  200  to  550 
feet  below  mean  sea  level  in  the  West  Coast  Basin.     The  thickness  of  the 
aquifer  ranges  from  50  to  I50  feet.     Detailed  information  on  the  Lynwood 
aquifer  is  presented  in  Appendix  A. 

Under  plan  117-7^    water  level  elevations  in  1990  reach  the  top  of  the 
Lyn\700d  aquifer  in  the  boundary  areas,    and  this  plan  results  in  an 
accumulative  reduction  in  the  amount  of  ground  water  in  storage  of 
approximately  2,000,000  acre-feet  from  I963  throx:igh  1990. 

Plan  117-11,   vrtiich  results  in  a  '+,000,000  acre-foot  reduction  in  the 
amount  of  ground  \ira.ter  in  storage,   would  result  in  conditions  in  which 
water  levels  would  be  below  the  base  of  the  Lyn-iTOOd  aquifer.     Ho^rever, 
inaccuracy  in  physical  responses  predicted  by  the  model  in  this  case 
probably  vrould  be  too  small  to  affect  the  results  of  economic   analysis. 
This  is  because  significant  errors  in  the  estimated  water  level  eleva- 
tions would  not  occur  until  after  1975,   when  the  reduction  in  the  amount 
in  storage  would  be  larger  than  2,000,000  acre-feet,    and  \^ro^lld  then 
occur  in  the  area  imere  pumping  costs  -jvould  be  relatively  small  with 
respect  to  the  difference  in  the  total  costs  of  operation  of  the 
alternatives. 

The  linear  mathematical  model  of  the  ground  water  basins  used  in  this 
investigation  was  formulated  and  verified  in  the  fall  of  19*50,    and  it 
represents  the  best  knov/ledge  and  computer  technique  available  at  that 
time.     A  nonlinear  model,   in  which  storage  and  transmissive  factors  are 
changed  as  water  levels  change,  would  make  possible  very  reliable 
operational  studies  of  plans  that  would  result  in  an  accumulated  reduc- 
tion of  fresh  ground  water  in  storage  larger  than  2,000,000  acre-feet. 
Large  computers,    economical  and  fast  enoiigh  to  handle  a  complex  program 
for  a  nonlinear  model,   have   subsequently  become  available.     Following 
this  advancement  in  computer  technology,    a  technique  of  formulating  a 
nonlinear  model  has  been  developed  by  the  Department  for  studies  of  other 
ground  vrater  basins. 

In  the  event  of  a  need  for  more  accurate  operational  evaluations  of 
plans  that  involve  large  amounts  of  fresh  water  deficiency,    a  nonlinear 
model  of  the  ground  water  basins  in  the  Coastal  Plain  could  be  and  should 
be  formulated. 

Because  the  mathematical  model  must  be  constructed  on  the  basis  of  known 
hydrologic  and  geologic  conditions,   the  output  from  the  model  can  estab- 
lish the  feasibility  of  operational  plans  only  within  the  frame-i-rork  of 
water  levels  which  have  occurred  historically  in  the  basin.     The   selected 
plan  %vould  then  require  field  testing  by  actual  lowering  of  the  vra.ter 
levels  to  the  indicated  depths,    accompanied  by  careful  observation  of 
the  effects.     The  mathematical  model,   however,    is  an  inexpensive  and  prac- 
tical tool  for  evaluating  the  effects  of  changing  ground  water  levels  and 
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determining  the  node  of  operation  to  te  used  as  the  basis  for  further 
empirical  testing.      It  also  provides  a  reliable  basis  of  comparative 
economic  evaluation  of  basin  management  plans  to  be  made  \dthin  aicceptable 
limits  of  accuracy. 


Facilities  Required  to  Meet  Applied  V/ater  Demands 

The  determination  of  facilities  required  to  meet  applied  \-ra.teT  demands 
was  made  in  tvro  steps.     The  first   step  ',xra.s  the  determination  of  facility 
flow  capacity  requirements,    and  the   second  was  the  determination  of  the 
additional  number  of  facilities  required.     The  capacity  and  number  re- 
quirements were  determined  for  all  the  facilities  considered  for  economic 
comparison.     As  mentioned  previously,   the  facility  requirements  vrere 
determined  to  meet  the  m.axiraum  hourly  applied  vrater  demand  for  each  of 
the  ten  economic   areas  as  well  as  for  the  entire  Coastal  Plain.     The 
method  for  this  determination  is  discussed  in  detail  in  Attachments  9 
and  10. 

It  \-ras  realized  that  the  facility  requirements  for  preventing   sea-'^/ater 
intrusion  along  the  coastline  vary  according  to  each  plan  of  operation. 
However,    in  the  economic   analysis,   design  of  facilities  was  not  made 
for  each  different  alternative  plan  of  operation.      Instead,   curves  ^/ere 
developed  to  show  the  relation  bet\reen  the  cost  of  providing  injection 
facilities  and  the  amount  of  fresh  water  injection  requirement  along  the 
coastline.     A  detailed  discussion  of  this  determination  is  presented  in 
Attachment  No.   8;   the  curves  are   shovm  on  Figure  8-1. 

For  comparison  of  facility  flow  requirements  in  the  Coastal  Plain, 
values  of  annual  capacity  requirements  for  connectors,  pumping  fax:ili- 
ties,    and   surface   storage  facilities  for  plans  with  the  largest  and  the 
smallest  use  of  ground  vra.ter  vrere  plotted  as  a  function  of  time.     These 
plots  axe  shovm  on  Figure  11  and  are  based  on  the  detailed  data  sho^-m 
in  Sheet  6  of  Attachments  11  through  15.     Figure  11  (A)    shows  the  break- 
down for  plan  117-11,    in  which  the  reduction  in  the  amount  of  ground 
water  in  storage  is  about  ^4-, 000, 000  acre-feet.     Figure  11  (B)    shows  the 
capacity  requirement  breakdo^m  foe  plan  117-^,    in  which  the  change  in 
storage  of  fresh  vrater  in  the  zone  of  saturation  is  kept  at  or  near  zero 
during  the  study  period. 

These  figures  show  that  the   surface   storage  requirement  does  not  vary 
appreciably  for  the  two  plans.     Hovrever,   the  pumping  and  connector 
capacities  are  noticeably  different  between  the  two  plans.     The  combined 
capacity  of  pumping  and  connector  facilities  for  plan  117-11  is  approxi- 
mately the   same  as  for  plan  117-*+,    and  the  total  capacity  of  the  facili- 
ties in  any  year  equals  the  maximum  hourly  water  demands  for  the 
particular  year. 

Previously  it  was  mentioned  that  the  use  factor  of  pumps  and  boosters  is 
the  major  factor  affecting  the  cost  of  extracting  ground  water  and  that 
the  use  factor  is  the  ratio  of  actual  use  to  the  total  capability  for  use. 
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Figure  1 1 

REQUIRED  CAPACITIES  OF  FACILITIES  TO  MEET  MAXIMUM  HOURLY  WATER 

DEMAND  IN  THE  COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY 

FROM   1963  THROUGH  1990 


OEPARIMEM  OF  WATER  RESOuRES,  SOUTHERN   DISTRICT.    966 


In  this  investigation,  the  most  economical  combination  of  facilities  re- 
sulting in  the  most  economical  pump  use  factor  was  used,  and  criteria  for 
such  use  were  imposed  in  each  plan  of  operation.  Figure  12  shows  a 
representation  of  the  annually  changing  values  of  use  factors  for  the 
selected  plems  of  operation  which  are  contained  in  Sieet  6  of  Attachments 
11  through  15.  The  use  factor  shovm  for  each  plaxi  is  the  average  for  the 
ten  economic  areas.  The  use  factors  range  between  U8  and  77  percent. 
These  relatively  high  values  reflect  the  assumption  that  the  facilities 
are  provided  and  operated  according  to  the  criteria  for  the  most  economic 
use  factor  and  also  the  assumption  that  the  use  of  all  facilities  within 
an  economic  area  vriLll  be  coordinated  to  meet  the  water  requirement  of 
that  area. 

Figure  12  shows  that  the  use  factors  decline  about  20  percent  between 
1963  and  1972  but  rise  sharply  about  20  percent  in  1972  and  begin  to 
decline  again  around  1975*  This  decline  continues  until  I982,  when  the 
factors  suddenly  rise  about  5  percent.  The  declines  are  due  to  limi- 
tation on  the  deliver^'-  capacity  of  the  assumed  primary  distribution 
system  and  the  resulting  requirement  for  increasing  pumping  capacities 
to  meet  increasing  peaking  demands  and  less  increases  of  the  applied 
water  demand.  The  sudden  rises  are  responses  to  increases  in  delivery 
capacities  of  the  primary  distribution  system  predicated  on  the  expected 
expansion  of  the  system  in  1972  and  I983. 

Additional  numbers  of  facilities  required  are  shown  in  Sheet  7  of 
Attachments  11  through  15  for  the  five  selected  plans.  These  \rere   deter- 
mined by  taking  the  difference  between  the  total  number  required  each 
year  and  the  number  available  in  the  corresponding  year.  The  number  was 
determined  for  each  economic  area  independently,  to  be  consistent  with 
the  assumptions  previously  mentioned. 

In  Table  22,  the  computed  total  number  of  new  or  replacement  facilities 
required  for  each  plan  of  operation  during  the  study  period  is  summarized. 

TABLE  22 

COMPUTED  TOTAL  NUt-lBER  OF  NEU  OR  REPLACEMENT 

UlIITS  NEEDED  IN  THE  COASTAL  PLAIN 
OF  LOS  ANGELES  COUNTY  FROM  I963  THROUGH  I99O 


Facility 

Plan 

number 

318-5 

117-4     ; 

117-5    ; 

117-7 

:  117-11 

Connectors 

Surface   storage  units 
Booster  units 
Pumping  units 

23 

8 
191+ 
313 

22 
9 

179 
293 

20 

12 

182 

U18 

16 

13 
189 

557 

12 

31 

235 

1,039 
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Figure  12 
AVERAGE   ANNUAL  VALUES  OF  MOST  ECONOMIC  PUMP  USE  FACTOR 
FOR  THE  COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY 
FOR  SELECTED  PLANS  OF  OPERATION 


DEPARTMENT  OF  WATER  RESOURCES,  SOUTHERN   DISTRICT,  1966 


The  required  additional  number  of  connectors  to  feeders  ranged  from  12  to 
23  (added  capacities  of  120  to  23O  cubic  feet  per  second),  with  the 
greater  increase  being  required  for  the  plans  that  require  larger  amounts 
of  imported  water.  The  number  of  additional  surface  storage  units 
ranged  between  9  and  31^  with  the  larger  numbers  for  the  plans  that 
require  large  amounts  of  extrax:ted  ground  water.  The  niimber  of  new  or 
replacement  pumps  ranged  between  293  and  1,039^  while  the  number  of  new 
or  replacement  boosters  raiiged  between  179  and  235*  By  increasing  the 
use  factor  through  efficient,  coordinated  operations  of  all  facilities, 
the  number  of  pumping  units  by  1990  may  be  reduced  to  approximately  one- 
third  of  the  present  number,  under  plan  117-^. 


Cost  of  Coordinated  Operation 

To  facilitate  comparison  of  the  economic  effects  of  the  individual  items 
that  were  considered  in  determining  the  total  cost  to  the  Coastal  Plain 
for  meeting  applied  water  demands,  the  items  were  grouped  into  four  cate- 
gories; surface  water  facilities,  ground  water  facilities,  electrical 
energy  requirements,  and  imported  water  supplies.  The  costs  of  each  of 
these  major  divisions  comprised  lesser  cost  components.  Costs  of  surface 
water  facilities  included  those  of  additional  laterals,  connectors,  and 
surface  storage  facilities.  Costs  of  ground  water  facilities  included 
pumping,  boosting,  spreading,  and  injection  facilities.  Costs  of  elec- 
trical energy  included  both  the  energy  cost  and  connected  load  cheirge  for 
well  pumps  and  boosters.  Costs  of  imported  water  supplies  to  the  Coastal 
Plain  were  predicated  on  the  prices  charged  by  the  Metropolitan  Water 
District  for  the  various  types  of  raw  and  treated  water. 

Detailed  cost  information  on  items  comprising  the  four  categories  is 
shown,  for  the  period  1963  through  1990,  in  Sheets  5,  8,  9  and  10  of 
Attachments  11  through  15  for  the  five  selected  plans  of  operation. 

A  summary  of  the  data  contained  in  those  tables  is  presented  in  Table  23. 
Present  worths  of  the  total  cost  for  each  of  the  four  categories  during 
the  study  period  are  shown  for  each  selected  plan  of  operation.  Price-of- 
water  study  No.  1  is  used  because  it  gives  the  best  evaluation  of  the 
true  cost  of  water  and  also  it  presents  information  related  to  the  state- 
wide economic  impact  of  ground  water  management  in  this  area.  The  range 
in  cost  is  approximately  7  percent,  or  a  difference  of  $k-8  million.  Cost 
of  imported  water  supply  ranges  betireen  $^63  and  $55^  million,  cost  of 
ground  vrater  facilities  ranges  betv/een  $18  and  $32  million,  and  cost  of 
electrical  energy  and  service  connections  ranges  between  $23  and  $50  mil- 
lion. The  maximum  cost  of  surface  water  facilities  is  approximately 
$2^7  million  (plan  117-U),  of  which  about  $2U0  million  represents  the 
cost  of  existing  storage  facilities  and  connectors.  Consequently,  the 
present  worth  of  the  future  cost  of  additional  surface  storage  facilities, 
additional  laterals  of  the  primary  distribution  system  not  included  in 
the  cost  of  water,  and  additional  connectors  is  about  $7  million. 
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TABLE  23 

SUMMARY  OF  PRESENT  vroRTHS  OF  FUTURE  COSTS  OF  WATER 

SUPPLY,  FACILITIES,  AKD  ELECTRICAL  ENERGY  IN  THE  COASTAL 

PLAIN  OF  LOS  ANGELES  COUNTY  FROM  I963  THROUGH  199O 

(in  thou sands  of  dollars) 


Category- 


Plan  number 


318-5  ;   117-^  :   117-5  :   117-7  ;  117-11 


Imported  vrater  supply^ 
Surface  v/ater  facilities 
Ground  water  facilities 
Electrical  energy  and  ser- 
vice connection  charges 

TOTAL 


548,i+03  55^1,269  530,li^5  509,k8k  462,968 

2U5,90U  2^6,556  2li6,202  2U5,882  2i|ii,U39 

18,203  17,9^^  21, 19^^  2i+,075  32,14-M; 

25,tA5  22, 665  27,923  3^,0^8  50, 06U 

837,955  ehl,h3h  825,i+6U  813,^89  789,915 


*Based  on  price-of -water  study  No.   1,   v^iich  assumes  no  ad  valorem  tax. 

Because  imported  \ra,ter  supply  is  the  largest  element  in  the  cost  of  water 
service  to  the  Coastal  Plain,   this  factor  has  the  greatest  impact  on  the 
total  cost  of  each  of  the  alternative  plans  of  operation.     However,   the 
cost  of  ground  ■vra.ter  facilities  and  the  electrical  energy  and  service 
connection  charges  also  affect  the  cost  comparison  of  alternative  plans 
appreciably. 


Economic  Analyses  of  Selected  Plans 

As  mentioned  above,   the  price  of  imported  water  is  a  major  factor  in  the 
economics  of  water  service  in  the  Coastal  Plain.     Because  the  prices  for 
imported  water  have  been  set  by  the  Metropolitan  Water  District  only  up 
to  1907,    economic  analyses  were  conducted  for  the  five   selected  plans  of 
operation  under  three  different   sets  of  price-of -water  assumptions — 
price -of -water  studies  No.   I,    II,    and  III — for  the  period  from  I963 
throxAgh  1990*      In  addition,   economic  evaluation  of  the  selected  plans  of 
operation  for  the  period  from  1990  to  perpetuity  was  made   so  that  the 
selected  plans  could  be  compared  with  respect  to  the  costs  of  perpetual 
water  services  that  were  computed  under  the  three  different   sets  of 
assumptions. 

In  making  this  estimate,    it  was  assumed  that  the  prices  of  imported  water 
would  remain  the   same  as  the  prices  that  are  assumed  to  prevail  in  1990* 
Because  the  future  assumption  was  that  a  safe-yield  operation  would  be 


-92- 


initiated  in  1991  for  eeich  plsm,  the  amounts  of  imported  water  for  direct 
use  would  be  the  same  as  each  of  the  plans  considered  after  1990*  Thus, 
the  cost  of  imported  water  for  direct  use  would  be  the  same  for  all 
plans.  However,  that  portion  of  imported  water  which  is  used  for  main- 
taining the  freshwater  barrier  to  prevent  sea- water  intrusion  would  be 
different.  In  the  event  that  the  price  of  imported  water  is  increased 
substantially  after  1990>  due  to  additional  water  projects  such  as  a 
regional  water  plan,  the  cost  of  water  service  for  a  plan  of  operation  in 
which  stored  ground  water  is  depleted  would  be  increased  much  more  than 
the  cost  of  water  service  under  a  safe-yield  plan  of  operation.  Also,  the 
discussion  on  the  impact  of  changing  conditions  on  the  findings  of  the 
study  is  presented  in  the  latter  part  of  this  chapter. 

The  unit  price  schedules  of  the  District's  water  under  the  three  sets  of 
assumptions  and  a  summary  of  assumptions  for  the  three  price-of -water 
studies  are  given  in  Table  8  (page  3^),  and  Tables  7-7^  1-S>, 
and  7-9. 

The  three  sets  of  assumptions  regarding  amount  and  price  of  imported 
water  from  the  Metropolitan  Water  District  are  presented  below: 

For  price -of -wg,ter  study  No.  I,  it  was  assiimed  that  the  water 
will  be  imported  by  the  Metropolitan  Water  District  in  the 
same  amount  as  a  water  requirement  schedule  presented  in  the 
District's  Report  No.  802,  "Comparative  Economic  Study  of  the 
East  Branch  and  West  Branch  of  the  CaJLifomia  Aqueduct  and  of 
Additional  Distribution  Facilities  Required  in  the  Southern 
California  Coastal  Plain  by  1990"^  and  that  variations  in  the 
amount  of  water  imported  to  the  Coastal  Plain  will  not  cause 
variations  in  the  amount  of  water  imported  by  the  Metropolitan 
Water  District.  Also,  it  was  assumed  that  there  mil  be  no 
price  differential  between  the  water  used  for  agricultural  or 
ground  water  replenishment  and  the  water  used  for  domestic  and 
industrial  purposes  after  1967* 

For  price-of -water  study  No.  II,  it  was  assumed  that  the 
amount  of  water  imported  to  the  I-fetropolitan  Water  District 
will  change  in  proportion  to  the  variation  of  imports  to  the 
Coastal  Plain,  the  pricing  schedule  for  raw  water  will  be  the 
same  as  for  price-of -water  study  No.  I,  and  any  revenue  defi- 
ciency will  be  made  up  by  an  ad  valorem  tax.  The  variation  of 
imported  water  is  due  to  the  greater  utilization  of  ground 
water  in  storage. 

For  price-of -water  study  No.  Ill,  it  was  assumed  that  the 
quantity  of  water  imported  will  be  the  same  as  that  in  price- 
of  -water  study  No.  II,  but  the  ad  valorem  tax  revenue  will  be 
fixed  so  that  50  percent  of  the  capital  cost  of  facilities 
will  be  borne  by  tax  revenues,  and  the  price  of  water  will  be 
modified  for  each  different  amount  of  import  so  that  the 
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remaining  cost  of  obtaining  water  ^-rill  be  completely  paid  for 
by  the  revenue  from  the   sale  of  \-rater. 

The  present  worths  of  the  total  cost  of  v/ater  service  for  the  five   selecte 
plans  are  presented  on  Figure   13  and  Table   2^.      The  present   ^.vorths  of 
the  alternatives  under  the  interest  rate  of  4-1/2  percent  for  the  period 
between  19^3  and  1990  developed  under  price-of-vra.ter  studies  No.    I,    II, 
and  III,    are  represented  by  curves  la,    Ila,    and  Ilia.     The  costs  range 
from  $844  million  to  $9^4  million,   or  a  difference  of  l4  percent,    as 
sho^m  in  Table  24.     Also  shovm  on  Figure  13  are  curves  lb,    lib,    and  Illb, 
which  represent  the  present  worths  of  the  total  cost  of  v/ater  service 
from  1963  to  perpetuity  for  selected  plans  of  operation  under  the  three 
price-of-T.ra,ter  assumptions.     The  present  vrorths  range  from  about  vl^lT9 
million  to  about  $1,299  million  or  a  difference  of  10  percent,    as  shovm 
in  Table  24. 

TABLE  2k 

PRESENT  WORTH  OF  TOTAL  COST  OF  WATER  SERVICE 
UNDER  THREE  FRICE-OF-WATER  STUDIES 


Oi>era- 
tlonal 

plan 
number 


Price-of -Water  Study  No.  I 

Present  worth  of 

total  cost  of  operation, 

in  millions  of  dollars 


19b3 

through 

1990 


1991 

to 

perpetuity 


I953 
to 
perpetuity 


Price-of-Water  Study  No.  II 

Present  worth  of 

total  cost  of  operation, 

in  millions  of  dollars 


1963 

through 

1990 


1991 

to 

perpetuity 


195! 

to 

perpetuity 


Price-of-Water  Study  No.  Ill 

Present  worth  of 

total  cost  of  operation, 

in  millions  of  dollars 


1963 

through 

1990 


1991 

to 

perpetuity 


igsr 

to 
perpetui' 


318-  5 

892 

315 

1,207 

959 

315 

1,27'* 

928 

351 

1,279 

117-  U 

895 

315 

1,210 

959 

315 

1,27U 

928 

350 

1,278 

117-  5 

879 

317 

1,196 

957 

317 

1,27U 

923 

353 

1,276 

U7-7 

867 

321 

1,188 

958 

321 

1.279 

921 

356 

1,277 

117-11 

8W* 

335 

1,179 

96U 

335 

1,299 

918 

371 

1,289 

The  present  worth  of  the  cost  of  v/ater  service  betv/een  1991  and  perpe- 
tuity can  be  obtained  graphically  from  Figure  13.     For  a  selected  plan  of 
operation,   determine  the  present  v/orth  of  the  total  cost  of  vra.ter  service 
from  1963  to  perpetuity  and  then  subtract  the  present  vrorth  of  the  total 
cost  of  vra.ter  service  from  19d3  to  1990. 

Since  the  applied  v</ater  demand  schedules  were  common  to  all  plans  and 
equally  small  amounts  of  imported  vra,ter  spreading  v/ere  imposed  on  all 
selected  plans  except  for  plan  3l8-5^  the  curves  also  show  the  relation 
betv^een  the  present  v/orth  of  the  total  cost  of  v;ater  service  and  the 
amounts  of  ground  v/ater  and  imported  vrater  used.      In  plan  117-4,  use  of 
ground  water  viras  limited  to  the  relatively  small  amount  that  is  replen- 
ished annually,    and  a  large  amount  of  the  Metropolitan  Water  District's 
\^^ater  was  imported  for  use.      In  plan  II7-II,    a  large  amount  of  ground 
water  in  storage  vvas  utilized  and  a  relatively  small  amount  of  the 
District's  v/ater  v/as  imported  during  the  study  period. 
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IN   MILLIONS   OF    ACRE  -  FEET 


Figure  13.  RELATION    BETWEEN    PRESENT   WORTH    OF   TOTAL  COST    OF 

WATER    SERVICE   AND   ACCUMULATED    REDUCTION   OF  GROUND    WATER 

IN    STORAGE     IN    THE    COASTAL     PLAIN     OF    LOS    ANGELES    COUNTY 


foiBiyjK,    or    wartn    »ESOU«CES,  southern    district. i966 


Curve  lb  indicates  that  plan  117-^  is  $31  million  nxDre  than  117-11. 
This  indicates  that  the  present  worths  decrease  as  the  ajnount  of  ground 
water  use  increases.     On  the  other  hand,   plan  117-11  is  approximately 
$25  million  more  than  117-^,    as  shown  on  curve  lib;  plan  117-11  is  $11 
million  more  than  plan  117-^,    as  shovm  on  curve  Illb.     The  latter  two 
curves  indicated  that  the  present  trorths  become  higher  as  the  use  of 
ground  water  in  storage  is  increased. 

For  plan  117-^,   the  present  worth  of  the  cost  of  perpetual  water  service 
is  ahout  $6ii-  million  higher  under  price-of--ivater  study  No.   II  than  under 
study  No.    I   (curves  lib  and  lb).     The  difference  is  the  additional  cost 
that  is  incurred  by  the  Coastal  Plain  when  the  cost  of  v/ater  service  is 
partially  borne  by  taxation,    and  the  amount  of  water  imported  into  the 
entire  Metropolitan  Water  District  is  reduced  below  the  volume  assumed 
for  the  expansion  of  District's  and  State's  water  facilities.     A  part  of 
the  cost  of  water  service  in  the   study  area  is  borne  by  taxation.     The 
Coastal  Plain's  share  of  ^vater  service  is  increased  when  a  larger  por- 
tion of  the  cost  is  derived  from  taxation  because  the  assessed  valuation 
in  the  area  is  proportionately  larger. 

These  interpretations  of  the  total  cost  of  perpetual  water  service  for 
each  alternative  are  based  on  the  assumption  that  there  would  not  be 
drastic  changes  in  the  technology  of  water  service.     Consequently,   the 
effects  of  technological  advancements,    such  as  a  breakthrough  in  sea-water 
conversion  technique,   are  not  included.     A  cursory  analysis  of  the  effect 
of  very  inexpensive  conversion  of  sea  water  indicates  that  the  findings 
made  in  this  investigation  would  remain  valid. 

The  present  worths  as  shown  by  curves  la  and  Ilia  decline  with  reduction 
in  the  amount  of  ground  water  in  storage  in  the  basins.     This  indicates 
that  the  cost  of  water  service  between  19^3  and  1990  is  smsiller  for  a 
plan  of  operation  that  requires  larger  amounts  of  ground  \rater  and  lesser 
amounts  of  imported  water.     However,  under  price-of -water  study  No.   II 
(curve  Ila),   the  cost  of  water  service  increases  as  the  use  of  ground 
water  increases. 

From  1991  to  perpetuity,  the  cost  of  water  service  increases  as  the  use 
of  ground  water  increases  between  19^3  and  1990,   for  all  price -of -water 
studies.      (As  the  use  of  ground  ■^^ra.ter  is  increased,   the  costs  of  extrau;- 
ting  ground  water  and  injecting  fresh  water  at  the  barriers  increase. 
These  Increases  are  partially  offset  by  a  decrease  in  the  cost  of  pur- 
chasing filtered  v/ater,  because  there  is  a  reduction  in  the  amount  of 
filtered  water  purchased  for  urban  use.) 

Figure  13  shows  that  the  difference  between  the  present  worth  (1963)  of 
the  total  cost  of  water  service  from  1991  to  perpetuity  for  plan  117-11, 
as  compared  with  plan  117-^4-,    is  relatively  minor,   ranging  between  $10 
and  $30  million,   depending  on  the  price-of -water  study  used  as  a  base. 

Because  these  two  plans  represent  the  maximum  and  the  minimum  amounts  of 
ground  water  withdrawal  considered,    and  because  the  operating  criteria 
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assumed  for  all  five  plans  were  the   same  after  1990^   these  amounts  of 
money  may  also  be  considered  to  represent  the  present  worth  of  the  h  mil- 
lion acre-feet  of  additional  water  which  would  be  left  in  storage   in 
1990  if  plan  117-U  were  adopted  for  use. 

As  stated  previously,   for  all  of  the  price-of -water  studies,    it  was 
assumed  that  there  \TOuld  be  no  differential  in  the  unit  water  rates 
charged  for  like  water  used  for  different  purposes  after  1967«     A  cur- 
sory study  was  made,   however,   to  evaluate  the  effects  of  differential 
unit  1^ra,ter  rates  on  the  cost  comparisons  of  the   selected  plans  of  opera- 
tion.    The   study  was  made  for  the  three  price-of-water  studies  by  assuming 
a  differential  of  $13  between  agricultural-replenishment-use  vreiter  and 
urban -use  water.     When  the  total  cost  of  operation,    which  included  the 
additional  cost  incurred  by  the  Coastal  Plain  because  of  the  differential-- 
in  terms  of  added  cost  of  urban-use  water  and  an  ad  valorem  tax--^7ere 
evaluated,   the  present  worths  for  the  plans  of  operation  under  all  price- 
of-water  studies  were  found  to  be  higher;    also,   the  rate  of  cost  reduc- 
tion vd-th  the  accumulated  reduction  of  ground  water  in  storage  became 
steeper  than  that   sho^m  for  the   studies  depicted  on  Figure  13 . 

The  above  analysis  shovred  that  there  was  no  economic  advantage  for  the 
Coastal  Plain  to  spread  a  large  amount  of  imported  water  for  the  purpose 
of  increasing  the  amount  of  ground  \vra.ter  that  can  be  extracted  annually 
under  price-of-water  study  No.    III.     However,   the  results  of  the  study 
also  indicated  that  there  may  be  a  long  range  economic  advantage  in 
spreading  as  much  imported  water  as  possible,    if  the  imported  water  could 
be  obtained  at  prices  equal  to  the  variable  operation  and  maintenance 
costs  during  the  period  v;hen  the   surplus  capacity  of  the  transmission 
facility  is  available.     This  additional  amount  of  ground  vra.ter  could  be 
advantageously  used  to  delay  the  construction  of  additional  imported 
water  facilities.     Hovrever,   the  economic   advantage  of  this  type  of  opera- 
tion is  primarily  dependent  on  proper  timing.     Before  a  decision  for 
implementation  of   such  an  operation  is  made  an  economic  analysis  is 
needed  with  full  consideration  of  the  cost  of  the  next  water  project. 


Effect  of  Changing  Conditions  on  Findings 

The  operational-economic   study  of  ground  \ra.ter  basins  in  the  Coastal 
Plain  is  a  study  dealing  with  the  future  water  service  in  the   study 
area.     There  vrere  a  number  of  factors  affecting  the  cost  of  \ra.ter  ser- 
vice for  ;^fhich  conclusive  predictions  could  not  be  made.     Nevertheless, 
in  order  to  complete  the   investigation,    it  vras  necessary  to  assume  the 
future  condition  of  these  factors.     During  the  period  of  the  investiga- 
tion,   some  of  these  conditions  changed,    and  they  are  expected  to  continue 
to  change.     To  determine  the  effect  of  changing  conditions  on  the  find- 
ings of  this  investigation,    an  evaluation  was  made  of  the   impact  of 
changes  in  the  three  most   significant  elements  of  the  cost  of  \^ra.ter  ser- 
vice.    These  three  elements  are: 
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1.  Energy  charges  for  imported  vrater  as  it  is  related  to  the 
State  Water  Project  (cost  of  pumping  over  the  Tehachapi 
fountains  which  reflects  the  revenue  from  power 
generation) « 

2.  Pricing  differentials  bet^veen  domestic-industrial  and 
agricultural-replenishment  craters  sold  by  the  Metropolitan 
Water  District. 

3.  Ad  valorem  tax  to  the  member  agencies  of  the  District. 

The  effect  of  changes  in  these  factors  to  date  (19^5)  ^ra-s  evaluated  by 
plotting  curves  that  show  the  relationships  between  the  cost  of  water 
service  and  each  of  these  three  factors.  The  first  step  in  preparing  the 
curves  ^ra.s  to  determine  the  cost  of  water  service  for  four*  of  the  five 
selected  plans  of  operation  under  a  number  of  assiimed  conditions  of  these 
factors.  All  of  the  previous  cost  components  were  included  in  this  study 
also.  Because  changes  in  the  three  factors  under  consideration  would  not 
affect  the  cost  of  ground  water  production  and  the  cost  of  other  facili- 
ties, only  the  variation  in  the  cost  associated  \.nLth  the  use  of  imported 
water  was  considered  for  each  different  assumed  condition.  This  cost  was 
determined  and  added  to  the  cost  of  ground  water  production  and  other 
facilities. 

In  determining  the  cost  of  imported  water  to  the  study  area,  the  most  re- 
cent (1965)  information  related  to  the  delivery  schedules  of  imported 
water  from  the  Colorado  River,  Owens-Mono  Area  and  the  State  Water  Project 
were  integrated  in  the  study.  The  assumed  schedule  of  Colorado  River  de- 
livery to  the  District  (Table  25)  is  based  on  estimates  made  by  the 
Colorado  River  Board.  This  schedule  reflects  the  possible  curtailments 
of  available  water  from  the  Colorado  River  to  the  service  area  of  the 
Metropolitan  Water  District  as  a  result  of  the  recent  court  decision 
establishing  rights  to  v/ater  from  the  Colorado  River. 

The  maximum  annual  entitlements  of  the  I-fetropolitan  Water  District  to 
water  from  the  State  Water  Project  are  shovm  in  the  schedule  presented  in 
Table  26.  This  schedule  reflects  the  increasing  capacity  of  the  State 
Water  Project  and  the  resultant  increase  in  the  allotment  to  the  District, 
as  shown  in  the  Department  of  Water  Resources  Bulletin  No.  I32-65,  "The 
California  State  Vfater  Project  in  19^5"  • 

The  Department  of  Water  and  Power  of  the  City  of  Los  Angeles  was  assumed 
to  import  water  into  the  Coastal  Plain  according  to  the  schedule  shown  in 
Table  27.  This  schedule  reflects  the  additional  capacity  made  possible 
by  the  second  aqueduct  now  under  construction.  This  schedule  is  also 
shown  in  Table  2  (page  15). 


*Both  plans  117-5  and  117-7  were  considered  representative  of  the  middle 
range  of  operations.  Plan  117-5  i-'as  eliminated,  leaving  four  plans 
for  ajaalysis. 
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TABLE  25 

ASSUMED  SCHEDULE  OF  AMUAL  DELIVERIES  OF  COLORADO  RIVER  WATER 
TO  THE  METROPOLITAN  WATER  DISTRICT 


1962-63 
63-64 
64-65 

65-66 
66-67 
67-68 
68-69 
69-70 

70-71 
71-72 
72-73 
73-7^+ 
74-75 

75-76 
76-77 
77-78 

78-79 
79-80 

80-81 
81-82 
82-83 
83-84 
84-85 

85-86 
86-87 
87-88 
88-89 
89-90 

1990-2039 


1,180,000 
1,180,000 
1,180,000 

1,180,000 
1,180,000 
1,180,000 
1,180,000 
1,180,000 

1,180,000 
1,180,000 
1,180,000 
1,180,000 
1,180,000 

1,180,000 
1,180,000 
1,180,000 
1,180,000 
1,180,000 

1,180,000 
1,180,000 
1,180,000 
1,180,000 
1,180,000 

1,180,000 
1,180,000 
1,180,000 
1,180,000 
1,180,000 

1,180,000 


1,020,820^ 
1,064,380^ 
1,180,000 

1,180,000 
1,180,000 
1,180,000 
1,180,000 
1,180,000 


1,180,000 
1,180,000 
962,000^ 
744,000^ 
525,000^ 

525,000 
525,000 
525,000 
525,000 
525,000 

525,000 
525,000 
525,000 
525,000 
525,000 

1,180,000^ 


a.  Actual  deliveries  from  the  District's  annual  reports. 

b.  Calculated  using   straight  line  interpolation  between  l,l80,000 

and  525,000. 

c.  Amount  and  timing  of  reduction  is  based  on  estimates  made  by 

the  Colorado  River  Board. 

d.  The  Colorado  River  Aqueduct  is  assumed  to  be  full,  due  to  a 

regional  water  plsin  in  this  year. 
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TABLE   26 

ESTII4ATED  MAXIMJM  ANNUAL  ENTITLEMENTS  FOR  THE  METROPOLITAN 
WATER  DISTRICT  FROM  THE  STATE  WATER  PROJECT 


New^ 


Year 


Old' 


in  acre -feet 


in  acre-feet 


1971 
1972 
1973 
197^^ 
1975 

1976 

1977 
1978 
1979 
1980 

1981 
1982 

1983 
1984 

1985 

1986 
1987 
1988 
1989 
1990 

1990-2039 


110,400 

198, 900 
287, 300 
375,800 
kSk, 300 

552,900 
64i,4oo 
729,800 
818, 300 
906,800 

966,100 
1,025,400 
1,084,700 
1,144,000 
1,203,400 

1,262,800 
1,322,100 
1,381,400 
1,440,800 
1,500,000 

1,500,000 


250,000 
350,000 
450,000 
550,000 
650,000 

750,000 

850,000 

950,000 

1,050,000 

1,150,000 

1,250,000 
1,350,000 
1,450,000 
1,550,000 
1,650,000 

1,750,000 
1,850,000 
1,950,000 
2,000,000 
2,000,000 

2,000,000 


a.  Based  on  Bulletin  No.  132-64,  "The  California  State  Water  Project 

in  1964". 

b.  Based  on  Bulletin  No.  I32-65,  "The  California  State  Water  Project 

in  1965". 

In  addition  to  making  assumptions  as  to  the  maximum  amount  of  imported 
water  available  to  the  District's  service  area,   assumptions  \rere  made  on 
the  delivery  of  imported  water.     These  assumptions  were: 

1.  The  City  of  Los  Angeles  will  import  water  from  the  0^-rens- 
Mono  Area  according  to  the  new  schedule   shown  in  Table  27. 

2.  Because  the  variable  cost  of  water  from  the  Colorado  River 
will  be  less  than  the  cost  of  water  from  the  State  Vfeter 
Project,   the  Metropolitan  Water  District  ■^^rill  use  all  of 
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TABLE  27 

ASSUMED  IMPORT  SCHEDULE  OF  WATER 

BY  THE  LOS  ANGELES  DEPARTMENT  OF  WATER  AND  POVffiR 

TO  THE  COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY 


Old 
Ground  v^ater  and  one  aqueduct 

Quantity, 
:        in  acre-feet 


Year 


New 

Ground  water  and  t\x>  aqueducts 

„  :  Qwantity, 

Year  .  i.'^ 

:        m  acre -feet 


1963 
19^5 
1969 

1970 

1975 
1980 

1985 
1990 


197, 300 

1963 

177, 500 

1965 

137,900 

1969 

128,000 

1970 

127,000 

1975 

126,000 

1980 

126, 500 

1985 

127,000 

1990 

197, 300 
177, 500 

309,000* 

300,000 

260,000 

221,000 
181, 000 
lUl, 000 


*Second  aqueduct  delivery  added. 

Note:      The  above  values  are  obtained  from  the  Los  Angeles  Department  of 
Water  and  Povrer. 

its  Colorado  River  water  entitlement  under  all  plans  of 
ground  \m.ter  basin  operation  implemented  in  the  Coastal 
Plain  of  Los  Angeles  County. 

3.     After  1990,  under  all  plans  of  ground  \-rater  basin  opera- 
tion,  the  District's  vra,ter  entitlements  from  both  the 
Colorado  River  and  the  State  Water  Project  will  be  fully 
used  throughout  the  District's  service  area.      (This  is 
based  on  the  present  thinking  of  the  District  with 
respect  to  the   spreading  of  imported  water.) 

h.     The  amount  of  crater  imported  annually  to  the  District 

service  area  will  vary  in  direct  proportion  to  the  varia- 
tion in  amount  of  water  delivered  in  the  Coastal  Plain 
of  Los  Angeles  County.     The  schedule  of  delivery  to  meet 
domestic,    industrial,   agricultural,   and  replenishment 
water  requirements  is  based  upon  data  published  in  the 
District's  report  No.    818. 

5.     Any  reduction  in  the  delivery  of  imported  crater  by  the 

District  '^11  be  a  reduction  in  the  amount  of  agricultural- 
replenishment  water.     Ho\>rever,    if  the  amount  of 
agricultural-replenishment  water  is  not  large  enough 
to  accommodate  the  total  assumed  reduction  in  the  de- 
livery of  imported  vrater,   the  balance  of  the  reduction 


-101- 


\7ill  be  considered  to  occur  in  v/ater  for  domestic  and 

industrial  use. 

The  cost  of  ^vater  service  in  the  Coastal  Plain  \ras  determined  for  each  of 
the  four  plans  of  operation  under  ranges  of  variation  for  the  three  fac- 
tors considered.     These  ranges  are: 

Energy  Charge.     Upper  limit  -  $23  per  acre-foot. 
Lower  limit  -  $12  per  acre-foot. 

The  upper  limit  represents  the  results  of  the  analyses  of  different 
energy  charges  applicable  to  the  East  and  West  Branches  of  the  State 
Water  Project,  based  on  data  published  in  Bulletin  No.   132-6^1.     The  lower 
limit  is  the  estimated  energy  charge  given  in  Bulletin  No.   I32-65.     For 
this  study,   the  energy  charge  included  the  variable  operation,   mainte- 
nance,  replacement,    and  po\'rer  costs. 

Price  Differential.     Upper  limit  -  $25  per  acre-foot. 

Lower  limit  -  $0     per  acre-foot. 

The  upper  limit  represents  the  maximum  amount  of  constant  differential 
between  the  rates  charged  for  domestic-industrial  v/ater  and  agricultural- 
replenishment  crater  ^•/hich  could  be  applied  if  costs  are  spread  over  the 
full  scheduled  repayment  period,    19^9  to  2039*     This  value  v/as  determined 
on  the  basis  of  the  energy  rates  published  by  the  Department  of  Water 
Resources  and  the  estimate  of  domestic-industrial  ^•ra.ter  supply  require- 
ments provided  by  the  Metropolitan  Vfeter  District. 

Tax  Revenue.     Upper  limit  -  100  percent. 
Lower  limit  -     0     percent. 

The  full  range  of  possible  variations  in  the  rate  of  taxation,  based  on 
the  assessed  valuation  of  properties  in  the  District   service  area,   vas 
considered  in  establishing  the  relationship  bet\reen  the  ad  valorem  tax 
and  cost  of  v/ater  service. 

A  detailed  discussion  of  the  items  considered  in  determining  the  prices 
of  water  imported  by  the  District  and  in  detennining  the  tax  revenue  re- 
quired under  various  assumed  pricing  schedules  is  presented  in  Chapter  II 
and  Attachment  7»     The  present  worth  of  the  total  cost  of  water  service 
in  the   study  area  vra,s  computed  for  the  four  selected  plans  of  operation 
under  three   sets  of  assumed  conditions  of  the  variable  factors. 

Three  sets  of  curves  ^rere  developed  to  show  the  relationships  of  the 
three  variable  factors.  The  first  set,  which  shows  the  relationship 
betv/een  the  energy  charge  and  the  present  v/orth  of  the  total  cost  of 
water  service,    is  shown  on  Figure  ih. 

The  second  set  of  curves,  shox/n  on  Figure  15,  represents  the  relation- 
ship betvreen  the  \rater  price  differential  and  the  present  \TOrth  of  the 
total  cost  of  \7ater  service. 
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Figure  14.  RELATION   BETWEEN    PRESENT   WORTH    OF  TOTAL  COST 
OF  WATER   SERVICE   AND  ENERGY  COST 


"«ENT   OF    WATEB    RESOURCES,  SOjIHERN   DISTRICT  ,  1966 
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Figure  15.  RELATION    BETWEEN    PRESENT   WORTH   OF  TOTAL  COST 
OF  WATER   SERVICE   AND  PRICE   DIFFERENTIAL* 


DEPARTMENT     OF    WATER    RESOURCES  .  SOUTHERN    DiSTRiCi" .  i966 


The  third  set  of  curves  (Figures  l6  and  I7)  represents  the  relationship 
between  the  ad  valorem  tax  rate  and  the  present  worth  of  the  total  cost 
of  water  service  in  the  study  area.  The  ad  valorem  tax  rate  is  indi- 
cated on  the  abscissa  of  the  curves  as  percent  of  finejicial  obligation 
paid  by  taxes. 

With  these  curves,  the  effect  of  changes  in  one  factor  on  the  cost  of 
water  service  from  19^3  to  1990  cein  readily  be  evaluated;  however,  to 
facilitate  the  more  complex  evaluation  of  the  effect  of  changes  in  more 
than  one  factor,  three  nomographs  were  developed.  With  the  nomographs, 
it  is  possible  to  make  a  reliable  simultaneous  evaluation  of  the  effect 
of  all  three  factors  within  the  range  shown  on  the  present  worth  of  the 
total  cost  of  water  service  under  each  of  the  four  selected  plans  of 
operation. 

The  present  worth  of  the  total  cost  of  ^/ater  service  for  the  period  19^3 
through  1990  can  be  detennined  from  the  first  nomograph.  Figure  I8,  for 
all  four  plans--117-i+,  117-7,  117-11,  and  318-5.  The  present  worth  of 
the  total  cost  of  water  service  for  the  period  1991  to  perpetuity  can  be 
determined  from  the  two  additional  nomographs.  Figures  19  and  20, 

The  nomograph  was  constructed  by  selecting,  from  Figures  ik,   15,  lo,  and 
17,  the  positions  and  scales  of  lines  that  represent  the  factors  con- 
sidered in  this  study:   (l)  energy  cost  of  water  from  the  State  Water 
Project,  (2)  price  differential  bet^reen  the  domestic -industrial  and 
agricultural-replenishment  waters,  (3)  ad  valorem  tax  rate  applicable  to 
the  member  agencies  in  the  Metropolitan  V/ater  District's  area,  and 
{h)   present  worth  of  the  total  cost  of  operation. 

Analysis  of  the  relationships  represented  in  the  curves  on  Figures  l^^-, 
15,  1°,  and  17  brings  out  additional  information  contributory  to  the 
findings  of  this  investigation.  These  relationships  are  interpreted  in 
the  following  paragraphs. 

On  Figure  1^4-,  the  relationship  between  the  present  worth  of  the  cost  of 
water  service  and  the  cost  of  energy  for  State  V/ater  Project  water  de- 
livered to  the  study  area  is  shovm  in  the  two  sets  of  curves  developed 
for  assumed  price  differentials  of  $15  and  $25  per  acre-foot  between 
domestic-industrial  and  agricultural-replenishment  water.  For  both 
cases,  a  rate  of  taxation  vrfiich  vrould  meet  50  percent  of  the  total  finan- 
cial obligations  due  to  construction  of  District  facilities  ^■ra.s  assumed. 
Comparison  of  the  relationship  under  the  t\-fO   different  price  differen- 
tials shows  that  the  cost  of  the  corresponding  plan  of  operation  is 
smaller  vAien  the  price  differential  is  $15  than  when  the  differential  is 
$25  per  acre-foot. 

This  is  because  the  money  the  Coastal  Plain  has  to  pay  for  each  acre-foot 
of  water  increases  as  the  differential  increases.  For  all  the  plans 
studied,  the  amount  of  imported  water  spread  v/as  kept  to  the  minimum 
within  the  Coastal  Plain  while  a  large  amount,  approximately  350,000  acre- 
feet,  ;>ra,s  assumed  to  be  spread  in  the  outside  area.   In  addition,  there 
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USE  OF  x^E  i-iOMa:RAPH 

Select  plan  of  operation. 

Connect  appropriate  points  on 
tax  scale  and  differential 
scale.  Mark  intersection  of 
this  line  with  turning  line. 

Connect  point  of  turning  line 
with  eoergy  cost  point. 
Where  this  line  intersects 
present  worth  line,  read  the 
present  worth  of  total  cost 
of  water  service  for  the 
selected  plan 

(See  EXAMPLE below) 


DEFINITIONS 

Tajc.   q/  of  financial  obligation  for 
Metropolitan  Water  District 
facilities  borne  b;  property  tax. 

Differential.   Difference  in  price 

between  domestic-industrial  and 
agricultural-replenishment  water 
imported  to  the  Coastal  Plain. 

Energy  Cost.  Energy  charge  (including 
operation,  maintenance,  replace- 
ment, and  power  costs)  for  State 
Water  Project  water  delivered  to 
Southern  California. 

Present  VJorth.   Present  worth  of  total 
cost  of  water  service,  1991  to 
perpetuity. 
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Figure  19.   NOMOGRAPH  TO  DETERiMINE  PRESMT  rORTH  OF  TOTAL  COST  OF  WATER  SERVICE 
IN  THE  COASTAL  PLAIN  UimER  VARIABLE  CONDITIONS  AFFECTING  THE  Pf^ICE  OF  IMPORTED  VATEB 

1991  TO  PERPETUITY  -  -  PLANS  117-7  AITO  II7-II 


DEPARTMENT  OF  WATER  RESOURCES,  SOUTHERN  DISTRICT,  I966 


.^:.^^^^^^^^^^^^^^^^^^^^^^^^^^^^:.^^:.:A^^^^^^^^x-^^v-^^^^^ 


USE  OF  THS  ::avO'-R/'.PH 

1.  Select  plan  of  operation. 

2.  Connect  appropriate  points  on 
tax  scale  and  differential 
scale.   Mark  intersection  of 
this  line  with  turning  line. 

3.  Connect  point  of  turning  line 
with  energy  cost  point, 
'^ere  this  line  intersects 
present  worth  line,  read  the 
present  worth  of  total  cost 
of  water  service  for  the 
selected  plan. 

(See  EXAMPLE below) 


DEFINITIONS 

Tax.  %   of  financial  obligation  for 
Metropolitan  V.'iter  District 
facilities  borne  by  property  tax. 

Differential.   Difference  in  price 

between  domestic-industrial  and 
agricultural-replenishment  water 
imported  to  the  Coastal  Plain. 

Energy  Cost.   Energy  charge  including 

operation,  maintenance  replacement, 
and  power  costs  for  State  Water 
Project  water  delivered  to  Southern 
California. 

Present  Worth.   Present  worth  of  total 
cost  of  water  service,  1991  to 
perpetuity. 
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I  Plan  117-^ 
I  Tax  -  50':o 
|Differential-$15 
(Energy  cost  -$12 
•Present  worth- 
1  _  ^^Opjnillion, , 


-49- 

o 

CO 

O 
•H 
H 
iH 
•H 


■  -«'o        t! 


...»      g 


■440 

p:: 

. 

f^ 

►-^ 

■ 

H 

S 

■ 

W 

-4TO 

w 

-«B0 

s 

i^ 

4J 
O 

O 

Cm 

I 

(U 

u 

CO 


u 


c 


H 
W 
O 

o 

o 


W 


?i3ure    20.        NOMOGRAPH  TO  DETERMIIJE  PRESEIOT  WORTH  OF  TOTAL  COST  OF  WATER  SERVICE 
IN  THE  COASTAL  PLAIN  UIJDER   VARIABLE  CONDITIOIC   AFFECTING  THE  PRICE  OF  IMPORTED  WATER 

1991  TO  PERPETUITY  -   -   PLANS  11?-^  AND  318-5 


r\".  T),''  "T".  T.-  -rp 


T.T  r 


,V-P.    ""  'OIJRCES,    SOUT:^^?": 


■n 


Tr'TT^'TCT,    lofi*^ 


is  x^/ater  used  for  agricultural  purposes  outside  the  Coastal  Plain.     IThen 
the  differential  betx-Teen  agriculture  and  urban  v/ater  is  increased,  the 
revenue  deficit  resulting  from  selling  water  cheaply  for  agricultural  and 
spreading  use  must  be  made  up  by  urban  i-/ater  users. 

In  each  case,   as  anticipated,   the  present  vrorth  of  the  total  cost  of  water 
service  increases  as  the  cost  of  energy  increases  because  a  higher  unit 
price  is  charged  for  -v/ater  used  for  domestic -industrial  use.     Because  two 
of  the  factors  -svere  fixed,  the  price  of  imported  water  for  domestic   and 
industrial  purposes,    as  irell  as  the  price  of  imported  \<rateT  for  agricul- 
tural and  replenishment,   must  be  increased  to  bring  in  enough  revenue  to 
accommodate  the  increase  of  the  cost  to  the  Metropolitan  Water  District. 

Under  both  pricing  differentials,  the  cost  of  water  service  under  plan 
117-^^   a  safe-yield  plan,    is  greater  than  the  cost  for  plan  318-5^ 
another  safe-yield  plan.     Plan  318-5  uses  more  imported  water  for  spread- 
ing and  also  pumps  more  \ra.ter  from  the  ground  water  basin  than  plan  117-^; 
thus,   the  cost  of  x/ater  service  under  plan  3l8-5  is  low  because  the 
larger  portion  of  imported  water  is  agricultural-replenishment  water, 
obtained  at  reduced  price.     Conversely,   plan  117-^  uses  a  large  amount  of 
imported  vrater  purchased  at  the  higher  domestic -industrial  price.     The 
curves  on  Figure  ik   shovr  that,  betvreen  the  two   safe-yield  plans  of  opera- 
tion,  the  plan  which  utilizes  more  imported  xrater  for  spreading  is 
cheaper  than  a  plan  in  which  more  of  the  imported  water  is  purchased  for 
direct  consumption  by  the  users.     The  curves  also  show  that  the  difference 
in  the  cost  of  xrater  service  betxreen  plan  117-^  and  3l8-5  increases  as 
the  differential  in  water  price  increases.     Comparison  of  plans  117-^, 
117-7,    and  117-11  under  both  the  $15  and  the  $25  price  differential  shows 
that  the  more  ground  vjater  is  utilized,   the  less  expensive  the  cost  of 
water  seorvice  becomes. 

The  relationship  betxveen  the  present  xrorth  of  the  total  cost  of  xra.ter  ser- 
vice and  the  price  differential  for  imported  x^/ater  is  shown  on  Figure  15 
for  three  assumed  rates  of  ad  valorem  tax--0,    50  percent,    and  100  percent. 
In  each  case,    $12  xra.s  assumed  to  be  the  energy  rate  for  transporting 
v/ater  through  the  State  V/ater  Project.     Here,    as  on  Figure  lU,    it  is  evi- 
dent that  the  cost  of  xrater  service  increases  as  the  amount  of  imported 
water  used  increases.     This  is   seen  by  comparing  the  cost  of  xrater  service 
for  plans  117-11,   117-7,    and  117-^.     Figure  15  also  shox/s  that  the  cost 
of  X'/ater  service  is  less  for  plan  3l8-5  than  for  plan  117-^+.      In  the 
upper  txro  groups  of  curves  on  Figure  15,   the  cost  of  xra,ter  service 
increases  as  the  differential  in  water  prices  increases  for  plans  117-^, 
318-5,    and  117-7'     Hovrever,   the  cost  of  xra,ter  service  decreases  as  the 
differential  in  x^ra-ter  prices  increases  for  plan  117-11.     The  tendency 
for  the  cost  of  xra,ter  service  for  plan  117-11  to  decline  is  due  to  the 
advantage  obtained  by  increasing  amounts  of  differential  in  the  cost  of 
purchasing  imported  x/ater  to  be  injected  along  the  coastline  for  prevent- 
ing sea-water  intrusion.     Note,   hoxrever,   that  the  dovmward  slope  of  the 
line  representing  the  cost  of  x/ater  service  for  plan  I17-II  flattens  as 
the  ad  valorem  tax  rate  increases.     This  is  due  to  the  negation  of  the 
advantageous  differential  by  the  increased  tax  burden  on  the  Coastal 


t 


-112- 


I 


Plain  of  Los  Angeles  County.     By  comparing  the  cost  of  water  service  as 
indicated  by  the  three  groups  of  curves,   the  difference  in  the  cost  of 
water  service  between  plans  117-^  and  117-11  lessens  as  the  revenue  from 
taxation  is  increased.     This  is  due  to  the  fact  that  the  assessed 
veLLuation  in  the  Coastal  Plain  is  high  and  the  tax  burden  is  greater  than 
the  advantages  that  can  be  attributed  to  differential  in  imported  vrater 
prices. 

The  relationship  between  present  worth  of  the  total  cost  of  water  service 
and  the  ad  valorem  tax  is  sho^m  in  six  groups  of  curves  on  Figures  l6  and 
17.     The  assumed  energy  rate  is  $12  per  acre-foot  on  Figure  16  and  $23 
per  acre-foot  on  Figure  I7.     For  each  assumed  energy  rate,  price  differen- 
tials of  0,   $15,   and  $25  were  assumed. 

Figure  I6  shows  that  the  cost  of  \rater  service  is  the  least  for  plan  II7-II 
and  that  the  cost  increases  as  the  amount  of  imported  water  used  increases. 
Also,   a  comparison  of  the  t\ro  safe-yield  plans  shows  that  the  cost  of 
vrater  service  for  plan  3l8-5  is  less  than  the  cost  for  plan  II7-U.     For 
plans  318-5  and.  117-^+,   the  cost  of  v/ater  service  increases  only  slightly 
as  the  rate  of  ad  valorem  tax  is  increased,   ■^^/hile  the  cost  of  water  ser- 
vice for  plan  117-11   shows  a  marked  increase  vn.th  the  increase  in  the 
rate  of  taxation.     This  difference  is  due  to  the  assumption  made  on  the 
delivery  of  imported  water  into  the  District   service  area  under  different 
plans  of  operation.     For  plan  117-11,  the  amount  of  imported  ^^ra.ter  into 
the  District   service  area  ■irould  be  smaller  than  the  amount  of  imported 
v/ater  for  plans  117-^  and  3l8-5.     Consequently,   the  effect  of  an  increase 
in  the  taxation  is  much  more   strongly  felt  in  plan  117-11  than  in  the 
safe-yield  plans.      It  is  also  noted  that  the  difference  in  the  cost  of 
water  service  between  plan  117-11  and  plan  117-^  is  significantly  greater 
when  the  differential  in  water  price  is  $25  per  acre-foot  than  \ihen  the 
price  differential  is  0. 

The  comments  made  in  reference  to  Figure  16  also  apply  to  all  curves 
shown  on  Figure  17.      However,   \^?hen  no  financial  obligation  is  paid  by 
taxes   (tax  rate  =  O),   the  least  cost  for  the  most  economical  plan 
(117-11)   is  less  than  $900  million  on  Figure  16,   while  on  Figure  17  it 
is  between  $900  and  $950  million.     This  increase  reflects  the  rising  cost 
of  imported  water  under  the  $23  per  acre-foot  energy  rate  assvimed  for 
Figure  17  compared  with  the  $12  energy  charge  assumed  for  Figure  16. 

By  using  the  nomographs   (Figures  I8,    19,    and  20),   Figure  21  was  prepared. 
This  figure   shoves  the  costs  of  water  service  in  the  Coastal  Plain  from 
1963  to  1990  and  from  I963  to  perpetuity  for  three  different  assumed 
conditions. 

In  the  lovrer  group  of  curves,   representing  the  present  worth  of  the  total 
cost  of  water  service  up  to  1990,    all  of  the  curves  go  dovmward  with  an 
increase  in  accumulated  reduction  of  ground  water  in  storage.     However, 
in  the  upper  group  of  curves,    representing  the  present  worth  of  the  total 
cost  of  v/ater  service  from  I963  to  perpetuity,   the  curve  that  represents 
the  condition  with  no  price  differential  and  100  percent  revenue  from 
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PRESENT  WORTH- 
1963-  PERPETUITY 


LEGEND 

CONDITIONS   FOR   MAXIMUM   SLOPE  (o)         CONDITIONS  FOR    MINIMUM    SLOPE  lb) 


1  ENERGY    COST    123  PER    ACRE  -FOOT 
(BiSED   ON    DWR  BULLETIN    132-64) 

2  PRICE    DIFFERENTIAL   BETWEEN    DOMESTIC - 
INDUSTRIAL  WATER   AND  AGRICULTURAL  - 
REPLENISHMENT   WATER      »25  PER  ACRE  -FOOT 

3  REVENUE    FROM  TAXATION     0 


I-   ENERGY  COST     »I2  PER    ACRE  -FOOT 
(  BASED   ON   DWR  BULLETIN    132  -  65  ) 

2    PRICE  DIFFERENTIAL    O 

1  REVENUE   FROM  TAXATION     100  PER  CENT  OF 
FINANCIAL  OBLIGATION    FOR   METROPOLITAN 
WATER  DISTRICT  FACILITIES  BORNE    BY 
PROPERTY  TAX  (13  4  CENT  PER  «I00    OF 
ASSESSED  VALUATION  1 


CONDITIONS  SIMILAR   TO   1963  CONDITIONS  (c) 

1  ENERGY  COST      >I2  PER  ACRE  -FOOT 

2  PRICE    DIFFERENTIAL  BETWEEN   DOMESTIC  - 
INDUSTRIAL  WATER   AND  AGRICULTURAL  - 
REPLENISHMENT  WATER     JISPER    ACRE  -  FOOT 

3.   REVENUE  FROM  TAXATION     50  PER   CENT  OF 
FINANCIAL  OBLIGATION   FOR  METROPOLITAN 
WATER  DISTRICT    FACILITIES   BORNE  BY 
PROPERTY  TAX  16  7  CENT   PER    »IO0   OF 
ASSESSED   VALUATION) 


PRESENT  WORTH - 
1963  -  1990 


2  3  4 

ACCUMULATED  REDUCTION  OF  GROUND  WATER  IN  STORAGE 
IN  MILLIONS  OF  ACRE  -  FEET 


Figure  21.  RELATION    BETWEEN    PRESENT   WORTH    OF  TOTAL  COST   OF 

WATER    SERVICE   AND   ACCUMULATED    REDUCTION   OF  GROUND    WATER 

IN    STORAGE    IN    THE    COASTAL     PLAIN    OF    LOS    ANGELES    COUNTY 


J 


DEPARTMENT    OF    WATER    RESOURCES,  SOUTHERN   DISTRICT, 1966 


taxation  indicates  a  slight  increase  in  the  cost  of  v/ater  service  under 
plan  117-7 •     A  conparison  of  Figure  21  with  Figure  13  sho\7s  that  the 
relationships  betireen  the  present  worth  of  the  total  cost  of  vrater  ser- 
vice and  the  accumulated  reduction  of  ground  water  in   storage  is  essen- 
tially the   same  on  both  figures.     The  interpretation  of  operational 
alternatives  shown  on  Figure  13  is  further  substantiated  by  the  use  of 
Figures  lU,    15,   l6,    and  17 .     These  analyses  indicate  tliat  the  changes 
in  those  factors  that  affect  the  price  of  water  imported  by  The 
Metropolitan  Water  District  of  Southern  California  will  not  alter  the 
findings  of  this  investigation. 


Interpretation  of  Results  of  Economic  Analyses 

The  results  as  depicted  in  Figure  13  were  interpreted  for  the  Coastal 
Plain  vrLth  regaord  to  the  four  independent  operational  variables  of  the 
ground  v;ater  basin  operation.     The  follo^ring  discussion  also  refers  to 
Figures  7(A)   and  7(b)   of  Chapter  III  and  to  Figure  21  of  this  chapter 
to  assist  in  understanding  the  results. 

As  \'Ta.s  stated  previously,  use  of  imported  water  is  complementary  to  the 
use  of  ground  vjater:      if  a  selected  amount  of  ground  vrater  is  decreased, 
an  equal  amount  of  imported  v.-ater  must  be  increased  to  meet  a  given 
applied  water  demand  schedule.      If  the  plan  of  operation  of  the  ground 
'.ra.ter  basin  is  one  in  which  the  amount  of  fresh  ground  v/ater  in  storage 
is  not  reduced,    imported  water  may  be   spread  to  take  advantage  of  the 
excess  capacity  of  the  existing  primary  distribution  facilities  during 
the  period  of  buildup.     This  T-rould  deleiy  the  construction  of  additional 
imported-water  facilities.     Under  this  condition,    as  long  as  the  present 
vrorth  of  the  cost  of  spreading  imported  water  and  extracting  it  later  is 
less  than  the  present  '.rorth  of  cost  of  imported  water  for  direct  domes- 
tic and  industrial  use,    almost  any  amount  of   spreading  vrould  be  economi- 
cally advantageous.     The  amount  is  limited  only  by  waterlogging,   -(Thich 
is  affected  by  the  hydraulic  characteristics  of  aquifers  and  operating 
conditions  of  ground  water  basins  with  respect  to  amounts  and  locations 
of  extraction. 

It  was  shown  previously  by  the  use  of  Figure  7(A)  that,   for  the  condi- 
tion assumed  for  price-of-vra.ter  study  No.    I,    it  is  not  economical  to 
spread  imported  vra.ter,  under  the  premise  that  the  ground  v/ater  in  storage 
may  be  reduced  until  the  limit  of  economic  pumping  level  is  reached. 
This  statement  is  true  for  the  conditions  assumed  for  all  three  price- 
of-i/ater  studies. 

The  above   statement  is  true  also  for  any  conditions  that  may  develop  in 
the  future.     The  analyses  of  Figures  1^,   15,    l6,   and  17  indicate  that 
the  present  vrorth  of  the  total  cost  of  water  service  in  the   study  area 
\^^L11  be   smaller  for  a  plan  of  operation  in  ^vhich  a  large  amount  of 
ground  vrater  is  used  \d.thout  replenishment  of  imported  v;ater  than  the 
cost  of  vra.ter  service  for  a  plan  in  which  a  large  amount  of  imported 
^•ra,ter  is  spread  and  subsequently  extracted  for  use. 
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In  Chapter  III,    it  ^ra,s  shovm  that  use  of  freshwater  barriers  is  the  more 
economical  of  the  tvro  methods  of  preventing   sea-irater  intrusion. 

The  alternative  method  considered — creation  of  a  sea\vard  gradient  of  fresh 
water- -vrould  require  immediate  filling  of  the   storage   space  with  large 
amounts  of  imported  water.     Because  only  limited  amounts  of  water  will  be 
available  for  recharge  before  1972,    and  because  the  rate  of   subsurface 
flow  into  this  area  is  low  (and  vrould  decrease  as  added  water  produced  a 
flatter  hydraulic  gradient),    such  a  plan  was  considered  impractical. 
Creation  of  such  a  hydraulic  gradient  would  also  require  a  large  imme- 
diate capital  outlay. 

The  freshwater -inject ion  barriers,   on  the  other  hand,   require  relatively 
small  amounts  of  both  immediate  capital  outlay  and  annual  outlays  for 
operation  and  maintenance. 

Furthermore,   under  the  plan  in  v;hich  a  seavraxd  gradient  of  fresh  -crater  is 
a  prerequisite,   the  possibility  of  using  the  ground  water  presently  in 
storage  as  a  resource  vrould  be  eliminated  because,   under  such  a  plan, 
\ra,ter  levels  must  be  kept  high.     On  the  other  hand,   the  range  of  opera- 
tional possibility  can  be  kept  wide  for  economical  operation  of  the  ground 
vfater  basins  under  plans  in  \ih±ch  freshwater  barriers  are  utilized  to 
prevent   saline  intrusion. 

As  to  pumping  patterns,   the  observations  made  in  Chapter  III  a].so  apply 
to  the  economic  evaluations  in  price-of-'.rater  studies  No.   II  and  III.      It 
would  be  economical  to  limit  the  amount  of  extraction  along  the  coast  to 
the  minimum  ^TOrkable  amount.     However,   this  comment  can  be  made  with  cer- 
tainty only  in  regard  to  those  points  in  the  Coastal  Plain  where  the 
existing  and  proposed  surface   systems  are  adequate  to  meet  the  iraported- 
vra,ter  demand  for  the  entire  range  of  operational  possibilities  investigated 
in  this  study. 

Under  a  certain  condition  affecting  the  price  of  imported  water  the  large 
amount  of  extraction  along  the  coastline  :-rould  be  advantageous  to  the 
study  area  in  the  Coastal  Plain.     This  is  implied  on  Figure  15.     The 
graph  at  the  top  of  the  figure  indicates  that  the  cost  of  irater  service 
for  plan  117-11  becomes  lo;^rer  as  the  differential  increases.     On  the 
other  hand,   the   same  graph  shovrs  that  the  cost  of  v/ater  service  for  plan 
117-^  rises  as  the  differential  increases.     This  indicates  that  the 
cost  of  vrater  service  in  the   study  area  could  be  kept   small,   even  if  the 
amount  of  extraction  along  the  coastline  vrere  to  be  large  and  intrusion 
of  sea  \ra,ter  into  the  ground  water  basin  were  to  be  prevented  by  injec- 
tion of  imported  water  along  the  coastline.     The  cost  of  water  service 
for  plan  117-11  becomes  lo\rer  ^•n.th  the  increase  in  the  amount  of  differ- 
ential because,   under  this  plan,   the  Coastal  Plain  of  Los  Angeles  County 
^•rould  be  receiving  a  financial  advantage  through  the  use  of  imported 
water  in  the  injection  barrier — \ra.ter  purchased  at  a  relatively  low  j 

price.     This  financial  advantage  ;>rould  offset  the  amount  of  tax  paid  by 
property  o\mers  in  the  Coastal  Plain. 
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Interpretation  of  the  economics  of  the  amounts  of  extraction  vary  vadely 
for  the  three  different  price-of-v;ater  studies.     Under  the  condition  pre- 
sumed for  price-of -water  study  No.   I,    a  6  percent   ($51  million)    savings 
could  be  made  "by  the  use  of  large  amounts  of  ground  water  and  small 
amounts  of  imported  vrater  to  meet  applied  vrater  demands.     On  the  other 
hand,   the  variation  in  the  total  cost  of  operation  for  the  I963-9O  period 
amounted  to  less  than  1  percent   (v7  million)  under  the  conditions  pre- 
sumed for  price-of -vrater  study  No.   II;    for  price-of -water  study  No.   Ill, 
the  variation  was  approximately  1  percent   ($10  million).     Consequently, 
any  plan  within  the  '.ri.de  range  of  possible  methods  of  operating  the 
ground  water  basins  may  be  chosen  \7ith0ut  causing   significant  differences 
in  the  cost  in  v/ater  service  to  meet  applied  water  demands  under  price- 
of -water  studies  No.   II  and  III. 

Figure  21,   v/hich  incorporates  more  recent  information  on  the  determina- 
tion of  the  cost  of  water  service,    illustrates  and  confirms  the  previous 
findings — that,    if  the  trend  in  the  factors  affecting  the  price  of 
imported  ^vater  continues  in  the  future,    a  considerable  amount  of  money 
could  be   saved  in  the   study  area  by  adoption  of  a  plan  of  basin  operation 
whereby  the  large  amount  of  ground  ^/ater  in  storage  might  be  reduced. 
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CHAPTER  V.   SUMMARY  OF  FINDINGS  AM) 
CONCLUDING  REMARKS 


The  results  of  the  operational  and  economic  studies  of  the  ground  water 
basins  in  the  Coastal  Plain  of  Los  Angeles  County  are  presented  in  the 
following  summary  of  physical,  operational,  and  economic  findings.  The 
interpretation  of  the  resiilts  of  these  studies  is  given  in  the  concluding 
remarks . 

Because  the  primary  objective  of  these  studies  was  to  provide  local  water 
management  agencies  with  information  on  a  wide  range  of  operational  plans 
with  which  they  can  formulate  the  optimum  plan  for  use  in  the  Coastal 
Plain,  these  studies  were  not  limited  to  those  that  are  possible  within 
the  existing  legal  and  organizational  framework.  For  the  purposes  of 
this  study,  the  economic  analyses  were  conducted  primarily  from  a  local 
point  of  view,  and,  for  all  plans  studied,  it  was  assumed  that  legal 
obstacles  would  be  overcome  and  the  necessaiy  management  organization 
would  be  made  available. 

The  major  findings  of  this  phase  are: 

Physical  Findings 

1.  The  water  supply  available  from  local  and  import  sources,  both 
existing  and  committed- for,  supplemented  by  groxind  water  now  in  storage 
in  the  Coastal  Plain,  would  be  adequate  to  meet  the  increasing  total 
water  demand  of  the  Coastal  Plain  through  the  year  1990  a^^cl  beyond. 

2.  The  annual  applied  water  demand  of  the  Coastal  Plain  is  projected  to 
grow  from  861,000  acre-feet  in  I963  to  1,218,000  acre-feet  in  I990.  In 
addition  to  applied  water  demand,  there  will  be  an  imported  water  require- 
ment in  the  Coastal  Plain. 

3.  For  the  alternative  plans  investigated,  the  largest  annual  operation 
requirement  for  spreading  and  injection  was  151,000  acre-feet,  and  the 
smallest  annual  amount  was  33,000  acre-feet. 

h.     Flood  runoff,  rising  water,  and  imported  spread  water  conserved  in 
the  streambeds  and  spreading  groiinds  in  the  Montebello  Forebay  Area 
reach  the  zone  of  saturation  within  a  year  regardless  of  the  water  levels. 
Cyclic  fluctuations  of  the  water  levels  in  Montebello  Forebay  Area  are 
due  primarily  to  the  variation  in  the  amounts  of  deep  percolation  of 
these  waters .  The  average  annual  amount  of  flood  runoff  and  rising 
water  conserved  in  the  past  was  53jOOO  acre-feet;  the  future  amount  is 
estimated  to  be  U8,000  acre-feet.  The  amounts  of  imported  water  spread 
for  each  plan  of  operation  were  varied. 
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5.  With  the  effective  use  of  spreading  gro\mds  in  the  Montebello  Forebay, 
only  a  small  Eunount  could  be  spread  continuously  in  the  Los  Angeles 
Forebay  after  the  storage  space  now  available  in  that  area  is  filled. 

6.  The  average  amount  of  annual  deep  percolation  of  applied  water  and 
precipitation  to  the  zone  of  saturation  is  predicted  to  be  ajyproximately 
82,000  acre-feet  in  the  Coastal  Plain  for  the  period  from  I963  through 
1990.  This  deep  percolation  takes  place  approximately  at  a  constant  rate 
and  due  to  the  apparent  attenuating  effects  of  the  zone  of  aeration,  is 
affected  little  by  cyclical  variation  of  precipitation. 

7.  In  many  parts  of  the  Coastal  Plain,  the  existing  svirface  storage  capa- 
cities are  large .  The  total  existing  surface  storage  capacity  for  short- 
term  regulation  is  22,380  acre-feet,  of  which  21,200  acre-feet  of  surface 
storage  capacity  is  within  the  delivery  system  of  the  City  of  Los  Angeles. 

8.  Physical  conditions  make  it  impossible  to  create  a  seaward  gradient 
of  fresh  water  by  filling  the  basins  as  rapidly  as  wovild  be  required  to 
prevent  further  saline  intrusion  in  coastal  area^. 

9.  The  quality  of  ground  water  in  the  Coastal  Plain  will  not  change 
significantly  enough  to  affect  the  comparative  economics  of  alternative 
plans  of  operating  the  ground  water  basins  during  the  study  period. 

Operational  Findings 

1.  Satisfactory  predictions  of  regional  future  water  elevations  can  be 
made  for  any  plan  of  operating  the  groxxnd  water  basins  by  using  the 
linear  mathematical  model  of  the  ground  water  basins  in  the  Coastal  Plain, 
developed  in  this  investigation.  Although  the  model  is  believed  to  be 
sufficiently  reliable  for  economic  evaluation  of  alternative  plans  result- 
ing in  the  lowering  of  water  levels  considerably  below  the  historical  low, 
a  nonlinear  mathematical  model  of  the  groiind  water  basins  of  the  Coastal 
Plain  may  be  needed  for  accurate  determination  of  water  levels  when  they 
fall  below  the  top  of  the  Lynwood  aquifer.  It  is  estimated  that  this  con- 
dition would  occur  if  the  ground  water  in  storage  were  to  be  decreased 
2,000,000  acre-feet  below  the  amount  that  existed  in  I962. 

2.  For  all  plans  of  ground  water  basin  operation,  temporary  use  of  ground 
water  in  excess  of  the  amovmt  replenished  annually  may  be  necessary  before 
1972  because  of  the  limitation  on  the  delivery  capacity  of  the  primary  sur- 
face water  system  before  that  year.  However,  the  surface  distribution 
system  proposed  for  completion  in  1972,  and  in  1983,  along  with  the  exist- 
ing pipeline  networks,  will  provide  adequate  capacity  for  delivery  of 
imported  water  through  1990)  even  if  the  amount  of  ground  water  use  is 
limited  to  the  amoxmt  replenished  annually.  Under  this  condition,  how- 
ever, additional  laterals  would  be  reqxiired  to  deliver  imported  water  to 
the  easterly  portion  of  the  Coastal  Plain,  where  there  are  presently  no 
existing  laterals.  1 
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3.  Because  of  the  large  capacity  of  existing  imported  water  delivery 
and  storage  facilities  available  to  meet  peak  demands,  pumps  and  boosters 
in  the  study  area  can  be  economically  operated  at  relatively  high  use 
factors .  The  pump  use  factors  for  the  Coastal  Plain  ranged  between  kQ 
and  77  percent  under  all  plans  of  operation  studied. 

k.     The  capacity  of  existing  service  connectors  of  the  primary  distribu- 
tion system,  which  is  approximately  1,598  cubic  feet  per  second,  is 
adequate  to  supply  the  present  (I963)  need  for  imported  water.  For  the 
selected  plans  investigated,  the  largest  additional  capacity  required 
during  the  study  period  was  230  cubic  feet  per  second  and  the  smallest 
was  120  cubic  feet  per  second. 

5.  The  sum  of  the  rated  power  of  existing  pumps  in  the  Coastal  Plain 
is  approximately  62,600  horsepower,  which  equals  an  equivalent  system 
comprised  of  626  units  of  100  horsepower  each.  By  increasing  the  use 
factor  through  efficient  and  economic-area-wide  coordinated  operation 
of  all  facilities,  the  number  may  be  reduced  to  approximately  one-third 
of  the  present  equivalent  number  by  1990 >  under  the  plan  of  operation 
in  which  safe-yield  operation  is  initiated  as  soon  as  physically  possible. 

Economic  Findings 

1.  The  economics  of  groxind  water  basin  operation  must  be  evaluated  by 
considering  all  items  which  affect  the  comparison  of  the  cost  and  benefits 
of  water  service.  These  items  include  surface  and  ground  water  supply 
facilities,  electrical  energy,  and  imported  water  supply.   In  the  Coastal 
Plain,  the  present  worth  of  the  total  costs  of  water  service  from  I963 

to  perpetuity  ranged  from  1,179  to  1,299  million  dollars,  or  a  difference 
of  10  percent  for  the  five  selected  plans  of  operation  under  a  selected 
set  of  conditions  affecting  the  price  of  imported  water.  The  present 
worths  between  1963  to  1990  ranged  from  $8^  million  to  $96^  million  or 
a  difference  of  ik  percent.  The  price  of  imported  water,  which  comprised 
60  to  70  percent  of  the  total  cost  of  operation,  was  the  largest  single 
factor  affecting  the  total  cost  of  water  service.  However,  costs  of 
other  items,  especially  those  costs  of  providing  ground  water,  including 
cost  of  facilities  and  electrical  energy,  affected  the  cost  comparison  of 
alternative  plans  appreciably. 

2.  Under  the  asstuned  condition  that  a  safe-yield  operation  of  ground 
water  basins  will  be  initiated  in  1990 >  "the  present  worths  of  the  cost 
of  perpetual  water  service  could  differ  substantially  if  additional 
imported  water  in  later  years  is  considerably  more  expensive  than  that 
now  being  obtained. 

3.  The  economics  of  spreading  of  imported  water  depends  upon  the  planned 
future  use  of  presently  existing  ground  water  in  storage .  If  it  is 
decided  that  ground  water  in  storage  will  not  be  used,  the  present  worth 
of  all  future  costs  of  purchasing,  spreading,  and  extracting  a  given 
vol\ime  of  imported  water  must  be  compared  with  the  present  worth  of  the 
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cost  of  an  equivalent  volume  of  iiig)orted  water  directly  used  to  meet  the 
water  demand.  If,  however,  it  is  decided  to  partially  utilize  the 
ground  water  in  storage,  the  present  worth  of  the  cost  for  spreading  and 
extracting  must  also  be  compared  with  the  present  worth  of  extracting 
groimd  water  from  greater  depths  without  spreading  imported  water,  but 
with  increased  requirement  for  injecting  water  in  fresh  water  barriers. 

h.     Constructing  freshwater-injection  barriers  along  the  coast,  where 
continuity  exists  between  sea  water  and  aquifers  containing  fresh  water, 
is  the  most  economical  method  of  preventing  sea-water  intrusion. 

5.  The  economics  of  ground  water  basin  operation  in  the  Coastal  Plain, 
which  includes  spreading  and  injection  of  imported  water,  largely 
depends  on  the  price  of  imported  water,  which,  in  turn,  depends  on, 

from  local  points  of  view,  the  amount  of  water  imported  by  the  Metropolitan 
Water  District  and  its  pricing  policy. 

6.  Under  conditions  similar  to  those  existing  in  I963  that  affect  the 
price  of  water  imported  by  the  Metropolitan  Water  District,  the  cost  of 
water  service  would  be  less  for  a  plan  which  delays  safe-jrield  operation 
until  after  1990  than  for  a  plan  which  requires  immediate  safe-yield 
operation. 

7.  Under  existing  price  differentials  for  MWD  water,  the  cost  of  water 
service  to  the  Coastal  Plain  increases  as  the  amovmt  of  water  extracted 
near  the  coastline  increases. 


Concluding  Remarks 

The  water  demand  of  the  Coastal  Plain  of  Los  Angeles  Coiinty  can  be  met, 
with  overall  economy,  by  coordinated  operation  of  the  surface  water  system 
and  the  ground  water  system.  With  present  techniques  and  knowledge 
available,  the  alternative  plans  of  coordinated  operation  of  the  ground 
water  system  and  the  surface  water  system  can  be  economically  evaluated 
and  management  decisions  can  be  made  based  on  the  evaluation. 

In  this  investigation,  extensive  operational  and  economic  information 
was  developed  for  a  wide  range  of  alternative  plans  of  operating  the 
gro\ind  water  basins  in  coordination  with  surface  water  supplies  and 
facilities.  Plans  which  would  require  immediate  commencement  of  safe - 
yield  operation  of  the  ground  water  basins,  as  well  as  a  large  number  of 
practical  plans  permitting  the  deferment  of  safe-yield  operation  to  1990) 
were  formulated  and  analyzed. 

The  legal,  organizational,  and  financial  frameworks  existing  in  the 
Coastal  Plain  are  consistent  with  an  immediate  commencement  of  safe- 
yield  operation  of  ground  water  basins;  the  existing  adjudicated  rights 
to  extract  ground  water  in  the  West  Coast  Basin,  and  the  stipulated 
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agreement  to  limit  the  extraction  of  ground  v-ater  in  the  Central  Basin 
provide  steps  toi/ard  safe-yield  operation  of  the  ground  vra.ter  basins. 
The  authority  vested  in  the  Central  and  West  Basin  Water  Repleni shinent 
District  represents  organizational  and  financial  tools  v;hich  are  effec- 
tive for  this  kind  of  operation. 

Implementation  of  any  plan  of  coordinated  operation  vri.ll  greatly  affect, 
and  in  turn  be  affected  by,  ground  v/ater  conditions  in  the  adjacent 
basins  —  the  San  Gabriel  Valley  and  the  Coastal  Plain  of  Orange  County. 
The  scheme  of  ground  water  basin  operation  in  one  basin  \n.ll   affect  the 
water  users  of  the  Coastal  Plain  of  Los  Angeles  County  and  the  Coastal 
Plain  of  Orange  County;  therefore,  independent  operation  of  the  Coastal 
Plain  of  Los  Angeles  County  may  be  hampered  by  legal  problems  arising 
out  of  this  boundai'y  condition. 

Along  the  coast,  where  sea-water  intrusion  might  take  place,  pumping  of 
ground  water  should  be  adjusted  v.dthin  the  physical  limitations  of  the 
area  so  that  the  cost  of  v.-ater  service  to  the  local  users  is  the  minimum 
possible.  This  may  require  some  legal  or  organizational  changes.  The 
relative  costs  of  extraction  in  these  areas  would  depend  on  the  price 
differential  between  imported  water  for  domestic  and  industrial  purposes 
and  imported  water  for  injection.   If  the  differential  is  small,  the 
combined  cost  of  injecting  and  pumping  imported  water  may  be  more  than 
the  cost  of  direct  use  of  imported  water.  On  the  other  hand,  if  the 
differential  in  water  prices  is  very  large,  the  cost  of  injecting  a  large 
amount  of  v.'ater  in  the  coastal  areas  and  subsequently  pumping  it  for  use 
may  be  less  than  the  cost  of  buying  imported  '/ater  for  direct  use. 

Because  decisions  regarding  the  variable  factors  which  affect  the  future 
price  of  future  imported  vrater  have  yet  to  be  made,  a  single  most 
economical  plan  of  operating  the  ground  v.'ater  basins  in  the  Coastal  Plain 
of  Los  Angeles  County  could  not  be  developed  at  this  time.   As  these 
decisions  are  made  and  the  conditions  that  vrere  assumed  for  this  phase 
become  established,  the  economics  of  i/ater  ser^/ice  in  this  area  can  be 
reexamined.  The  tools  and  techniques  developed  and  presented  in  this 
study  provide  a  means  for  rapid  reevaluation,  under  changing  conditions, 
of  the  plans  already  studied;  analyses  can  also  be  made  of  other  alterna- 
tive plans  that  have  been  or  may  be  proposed.   The  most  suitable  of  all 
the  plans  can  be  selected  for  future  implementation  by  the  appropriate 
local  agency. 

In  prior  years,  it  v^as  necessary  for  -.rater  leaders  to  proceed  cautiously 
in  planning  for  use  of  ground  water,  because  of  limited  supplemental 
supplies.  The  State  Water  Project  may  be  considered  as  an  indispensable 
safety  factor  that  the  people  of  Southern  Cilifomia  must  have  if  the 
maximum  advantage  is  to  be  derived  from  use  of  local  '.,'ater  resources. 

Another  limitation  v^as  the  lack  of  Imowledge  of  basin  capacities  and  of 
the  behavior  of  \.'ater  moving  through  the  basins.  Through  technical  ad- 
vancements in  the  electronic  computer  field,  as  well  as  in  the  fields  of  hy- 
drology and  geology,  it  is  no\7  possible  to  measure  the  water  in  storage  — 
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more  than  20  million  acre -feet  in  the  basins  of  the  Coastal  Plain  of 
Los  Angeles  County  —  and  to  simulate  the  physical  reactions  within  the 
ground  water  basins  under  various  plans  of  basin  operation. 

With  such  information  and  equipment,  and  with  the  State  Water  Project 
as  well  as  the  aqueducts  from  the  Colorado  River  and  the  Mono-Owens 
Areas  as  a  readily  available  source  of  imported  water,  it  is  now  possible 
for  local  water  managers  to  consider  planned  utilization  of  the  ground 
water  in  storage,  as  well  as  the  use  of  the  storage  space  in  ground  water 
basins ,  to  provide  water  at  the  minimum  cost  to  water  users . 
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ATTACHMEIW  WO.    2 
DEFUnTION  OF  TERI-5S 


ATTACHMENT  No.  2 


DEFINITION  OF  TEEMU 


Acre-foot.  The  volume  of  water  required  to  cover  one  acre  one  foot  in 
depth  (^3,560  cubic  feet  or  325,829  gallons). 

Applied  Water.  The  water  delivered  to  a  farmer's  headgate  in  the  case 
of  irrigation  use,  or  to  an  individual's  meter  in  the  case  of  urban 
use,  or  the  equivalent.  It  does  not  include  direct  precipitation. 

Aquifer .  A  geologic  formation,  or  zone,  sufficiently  permeable  to  yield 
an  appreciable  supply  of  water  to  wells  or  springs, 

ArtificieuL  Recharge.  For  this  study,  the  water  that  is  added  to  the 
ground  water  basin  through  facilities  primarily  designed  for  that 
pvirpose,  such  as  spreading  basins  and  injection  wells. 

Consumptive  Use  of  Water,  Water  consumed  by  vegetative  growth  in  trans- 
piration and  building  plant  tissue,  and  water  evaporated  from  adja- 
cent soil,  from  water  surfaces,  and  from  foliage.  It  also  includes 
water  similarly  consumed  and  evaporated  by  \irban  and  nonvegetative 
types  of  land  use. 

Delivered  Water.  The  sum  of  the  applied  water  and  any  conveyance  losses 
that  occur  within  a  study  area  in  the  process  of  delivering  this 
water.  For  this  investigation,  delivered  water  is  the  sum  of  the 
imported  water  and  extractions  less  the  amount  of  exported  water. 

Drawdown .  The  change  in  water  surface  elevation  in  a  well  as  the  result 
of  extracting  ground  water. 
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Economic  Area.  A  subdivision  of  a  study  area,  generally  delineated 
along  agency  boundaries,  made  for  regional  economic  analysis 
(See  Plate  2). 

Forebay  Area.  An  area  of  unconfined  ground  water  which  is,  generally, 
in  hydraulic  continuity  with  the  ground  siirface,  and  so  located 
that  it  provides  a  supply  of  groxmd  water  by  subsurface  flow  to  a 
body  of  confined  ground  water. 

Ground  Water.  Subsurface  water  occurring  in  the  zone  of  saturation  and 

moving  under  control  of  the  water  table  slope  or  piezometric  gradient. 

Ground  Water  Overdraft.  For  this  study,  the  average  annual  decrease  in 
the  amount  of  fresh  ground  water  in  storage  that  occurs  during  a 
long  period  under  a  particular  set  of  physical  conditions  affecting 
the  supply,  use,  and  disposal  (including  extractions)  of  water  in 
the  ground  water  basin. 

Ground  Water  Safe  Yield.  For  this  study,  the  average  annual  amount  of 
ground  water  that  could  be  extracted  from  a  ground  water  basin  over 
a  long  period  without  effecting  a  long-time  net  change  in  storage 
of  ground  water.  The  extractions  must  occur  under  a  particular  set 
of  physical  conditions  affecting  the  supply,  use,  and  disposal  of 
water  in  the  ground  water  basin. 

Ground  Water  Storage.  That  stage  of  the  hydrologic  cycle  during  which 
water  occurs  as  ground  water  in  the  zone  of  saturation,  including 
that  part  of  such  stage  when  water  is  passing  through  the  zone  of 
aeration  and  entering  or  leaving  storage. 

Gro\ind  Water  Table.  See  Water  Table. 
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Hydraulic  Gradient.  Under  confined  ground  water  conditions,  it  is  the 
slope  of  the  profile  of  the  water  table .  Under  confined  ground 
water  conditions,  it  is  the  line  joining  the  elevations  to  which 
the  water  would  rise  in  wells  if  they  were  perforated  in  the  aquifer. 

Index  of  Wetness.  A  unitless  number  showing  the  ratio  of  an  annual 
precipitation  to  an  average  precipitation  for  a  long  period. 

Infiltration.  The  flow,  or  movement,  of  water  through  the  soil  sxirface 
into  the  ground. 

Irrigation  Water.  For  this  investigation,  it  is  equal  to  the  total 

applied  water  less  the  domestic  and  industrial  use  of  applied  water. 

Master  Influence  Function.  The  water  level  elevation  response  at  each 
polygon  from  an  action  of  100,000  acre-feet  per  year  rate  of  net 
inflow  to  or  outflow  from  the  surface  to  the  zone  of  saturation  in 
a  selected  polygon  or  group  of  polygons. 

Operation  Area.  A  subdivision  of  a  study  area  along  geological  and  water 
service  area  boundaries,  made  for  identifying  alternative  plans  of 
operation  with  respect  to  operational  variables  (See  Plate  2). 

Overdraft .  See  Grovind  Water  Overdraft. 

Percolation.  The  movement,  or  flow,  of  water  through  the  interstices, 
or  pores,  of  a  soil  or  other  porous  media. 

Percolation,  Deep.  The  movement  of  water  in  the  zone  of  aeration  from 
the  belt  of  soil  water  into  and  through  the  intermediate  belt. 

Period.  A  specified  division  or  portion  of  time. 

Mean.  A  period  chosen  as  representative  of  conditions  of  water 
supply  and  climate  over  a  long  series  of  years.  Because  the 
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precipitation  during  a  23-year  Taase  period,  193^-35  through 
1956-57,  nearly  equalled  the  precipitation  that  occurred  over 
a  longer  period  of  time,  this  23-year  base  period  was  assumed 
to  represent  a  long-time  mean  period  for  this  investigation. 

Pervious  Area.  A  ground  surface  area  that  is  not  paved  or  covered  by 
permanent  man-made  structures. 

Piezometric  Surface.  An  imaginary  svirface  that  everywhere  coincides  with 
the  head  of  water  in  the  aquifer.  It  is  represented  by  the  elevation 
to  which  water  will  rise  in  wells  drilled  into  the  confined  aquifer. 

Pressxire  Area.  A  ground  siorface  area  underlain  by  an  aquifer  containing 
confined  ground  water. 

Rising  Water.  Ground  water  from  the  zone  of  saturation  that  rises  to 

the  ground  svirface,  usually  to  a  streambed,  when  the  ground  s\irface 
is  at  a  lower  elevation  thsm  the  ground  water  table  or  the  piezo- 
metric surface  of  a  confined  aquifer. 

Safe  Yield.  See  Ground  Water  Safe  Yield. 

Storage  Factor.  A  measure  of  the  storage  characteristics  at  each  polygon 
of  an  equivalent  aquifer,  expressed  in  acre-feet  per  foot  of  depth. 
This  factor  is  the  eirea  of  a  polygon  times  the  average  specific 
yield  of  the  water-bearing  sediments  within  the  area. 

Subsvirface  Water  Zones. 

Zone  of  Aeration.  The  zone  above  the  water  table  in  which  the 
interstices  are  pajrtly  filled  with  air.  This  zone  lies  between 
the  surface  and  the  zone  of  saturation.  Starting  from  the  surface, 
this  zone  includes  the  belt  of  soil  water,  the  intermediate  belt, 
8uad  the  capillary  fringe. 
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Zone  of  Saturation.  The  zone  below  the  water  table  in  which  all 
the  interstices  are  filled  with  ground  water,  which  moves  under 
the  control  of  the  water  table  slope  or  piezometric  gradient. 
This  zone  lies  between  the  zone  of  aeration  and  bedrock. 

Surface  Inflow-Outflow  Factor.  The  net  amount  of  deep  percolation  to  and 
extraction  frran  an  equivalent  aquifer. 

Thiessen  Method.  A  method  used  to  determine  the  amount  of  precipitation 
on  an  area  by  constructing  polygons  or  areas  of  influence  about  each 
gaging  station.  The  polygon  is  formed  by  the  perpendicular  bisectors 
of  the  straight  lines  joining  adjacent  gaging  stations.  In  using 
this  method,  the  assumption  is  made  that  the  depth  of  precipitation 
within  the  polygon  is  equal  to  the  depth  of  precipitation  at  the 
corresponding  gating  station. 

Total  Dissolved  Solids.  The  material  left  in  a  vessel  after  evaporation, 
at  a  definite  temperature,  of  a  filtered  sample  of  water. 

Transmissibility  Factor.  Transmissibility  of  the  equivalent  aquifer  at 

the  midpoint  of  a  line  connecting  the  centers  of  two  adjacent  polygons 
multiplied  by  the  length  of  the  common  boundary  of  the  two  polygons 
and  divided  by  the  length  of  the  line.  This  term  is  expressed  in 
acre-feet  per  year  per  foot  of  difference  in  representative  ground 
water  elevations. 

Use  Factor,  Pump.  The  annual  ground  water  extraction,  in  cubic  feet  per 
second,  divided  by  the  peak  hourly  rate  of  extraction,  in  cubic  feet 
per  second . 
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Waste  Water.  For  this  study,  water  that  has  been  put  to  some  use  or  uses 

and  has  been  disposed  of  to  a  sewer.   It  may  include  liquid  industrial 
wastes,  sewage,  or  both,  but  specifically  excludes  oil  brines. 

Water  Supply  Surplus  or  Deficiency.  For  this  study,  the  difference 
between  the  inflow  to  and  the  outflow  from  a  ground  water  basin 
during  any  given  period.  The  outflow  of  water  includes  the  consump- 
tive use  of  water.  A  water  supply  surplus  exists  when  the  inflow  is 
greater  than  the  outflow,  and  a  water  supply  deficiency  exists  when 
the  inflow  is  less  than  the  outflow. 

Water  Table.  The  surface  of  ground  water  at  atmospheric  pressure  in  an 
unconfined  aquifer.  This  is  revealed  by  the  levels  at  which  water 
stands  in  wells  penetrating  the  unconfined  aquifer. 
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ATTACHMENT  NO.  3 

ESTIMATION  OF  FUTURE  DEEP  PERCOLATION 
IN  THE  COASTAL  PLAIN 
OF  LOS  ANGELES  COUNTY 


ATTACHMENT  No.  3 

ESTIMATION  OF  FUTURE  DEEP  PERCOLATION  IN  THE 
COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY 


Introduction 

To  make  operational  and  economic  evaluations  of  futiire  alterna- 
tive plans  for  operating  the  ground  water  basins  in  the  Coastal  Plain  of 
Los  Angeles  County,  future  ground  water  level  elevations  were  estimated. 
The  amounts  and  locations  of  deep  percolation  of  surface  water  supplies, 
ground  water  extractions,  and  subsxirface  flows  were  required  to  predict 
the  future  water  levels  reliably  for  each  alternative  plan  of  operation. 
In  this  attachment  the  procedures  are  described  for  the  determination  of 
the  ajnounts  and  locations  of  the  deep  percolation  of  surface  water  supplies, 

For  this  determination,  the  total  deep  percolation  was  divided 
into  "natural"  and  "artificial"  components.  The  natural  component  con- 
sisted of  percolation  from:   (l)  water  applied  to  the  irrigated  land  to 
sustain  plant  life  (applied  water),  (2)  that  portion  of  rainfall  that  did 
not  run  off  to  the  streams  (precipitation),  and  (3)  storm  or  rising 
(local)  water  that  percolated  in  streaja  channels  or  spreading  grounds 
(stresjnflow) .  The  artificial  con^jonent  included  percolation  from: 

(1)  water  injected  along  the  coast  to  prevent  sea-water  intrusion  and 

(2)  imported  and  reclaimed  waters  recharged  in  the  spreading  grounds  or 
stream  channels. 

Because  the  artificial  component  is  introduced  into  the  water- 
bearing aquifers  directly  in  continuous  amounts,  the  assumption  is  that 
the  amovints  that  are  spread  or  injected  reach  the  zone  of  saturation 
within  a  short  time.  For  this  reason,  the  artificial  rechajrge  component 
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coiild  be  varied  arbitrarily.  Therefore,  it  was  selected  as  a  variable  for 
each  alternative  plan  of  operation  and  is  not  discussed  in  this  attachment. 

For  the  natural,  component,  deep  percolation  was  estimated  from 
three  sources:  applied  water,  precipitation,  and  streamflow.  The  estimated 
amounts  of  deep  percolation  at  various  locations  were  used  to  predict 
ground  water  level  elevations  in  the  future.   In  this  attachment,  the  steps 
taken  to  estimate  deep  i)ercolation  from  the  three  sources  are  discussed 
in  detail. 

Deep  Percolation  From 
Applied  Water  and  Precipitation 

To  estimate  deep  percolation  from  applied  water  and  precipitation, 
criteria  of  percolation  to  the  zone  of  aeration  were  first  established  and 
hydraulic  relationships  between  the  zones  of  aeration  and  saturation  were 
developed.  Then  estimates  were  made  for  future  applied  water  and  precipi- 
tation. By  using  the  criteria  and  the  relations,  amounts  and  locations 
of  future  deep  percolation  from  these  two  soiirces  were  estimated. 

Criteria  of  Percolation  to  the  Zone  of  Aeration 

Criteria  of  percolation  to  the  zone  of  aeration  were  developed 
for  applied  water  and  precipitation  for  each  of  the  four  basins:  Hollywood, 
Santa  Monica,  West  Coast,  and  Central.  For  the  Central  Basin,  however,  the 
criteria  were  developed  for  two  subareas.  The  criteria  were  based  on  the 
historical  (193^-35  through  I956-57)  hydrologic  data  for  the  items  of  sur- 
face water  supply,  use,  and  disposal,  which  were  determined  for  and  pub- 
lished in  Appendix  B,  "Safe  Yield  Determinations"  to  Department  of  Water 
Resoxirces  Bulletin  No.  10^+,  "Planned  Utilization  of  the  Groxmd  Water  Basins 
of  the  Coastal  Plain  of  Los  Angeles  County". 
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The  percolation  values  published  in  Tables  8-1  through  8-5  in 

Appendix  B^  Bulletin  104,  were  obtained  by  subtracting  the  items  of  water 

use  and  disposal  from  the  items  of  water  supply  for  each  basin  within  the 

Coastal  Plain  according  to  the  following  equation: 

Total  Deep  Percolation  of  Surface  Water  Supply  =  (Ground 
Water  Extractions  +  Water  Import  +  Surface  Inflow  + 
Precipitation)  -  (Water  Export  +  Waste  Water  +  Surface 
Outflow  +  Consumptive  Use) (l) 

To  solve  for  the  three  natural  components  of  the  total  percolation 

using  the  above  equation,  the  following  modifications  were  made: 

1.  Imported  water  spread  or  injected  was  subtracted  from  the 
toteil  percolation  values.  This  was  done  because  the  "water  import"  item 
included  water  spread  in  the  Montebello  Forebay  area  of  Central  Basin,  as 
well  as  water  injected  at  the  West  Coast  Basin  Barrier  Project. 

2.  The  consumptive  use  of  phreatophytes  was  subtracted  from  the 
consumptive  use  values  and,  consequently,  values  for  the  total  percolation 
were  increased  by  an  equal  ajnount  to  account  for  the  amount  of  percolation 
reduced  by  the  consumptive  use  of  phreatophytes. 

The  resulting  seasonal  amounts  of  total  percolation  for  each 

basin  were  then  used  as  a  control  on  values  of  the  annual  percolation  due 

to  precipitation,  applied  water,  and  streamflow.   In  this  analysis,  the 

following  equations  were  used: 

Percolation  of  Precipitation  =  Precipitation  - 

(Consumptive  Use  of  Precipitation  +  Runoff  Reaching 

Streams  +  Storm  Infiltration  into  Sewers) (2) 

Percolation  of  Applied  Water  =  Applied  Water  -  Waste 

Water*  -  Consumptive  Use  of  Applied  Water  (3) 


♦Includes  industrial  waste  in  stream  channels  and  excludes  storm 
infiltration  in  sewers. 
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Runoff  Reaching  Streams  =  (Sxirface  Outflow  +  Stream 

Percolation)  -  (Surface  Inflow  +  Industrial  Wastes 

in  Streams) (4) 

Irrigation  Water  =  Applied  Water  -  Waste  Water*  — 

Consumptive  Use  of  IndustriEil  Processes (5) 

For  each  basin,  seasonal  deep  percolation  of  precipitation  and 
applied  water  were  computed  by  applying  equations  (2)  and  (3);  using  water 
supply  and  disposal  items  pertaining  to  the  total  basin,  i.e.  including 
the  water-bearing  and  nonwater-bearing  areas.  The  computed  percolation 
was  then  assumed  to  have  occurred  in  the  water-bearing  portion  of  the  basin. 

When  equations  (2)  and  (3)  were  applied,  several  values  of  perco- 
lation of  precipitation  and  of  applied  water  were  found  to  be  iinreasonable 
because  of  inexactness  in  the  data.  These  percolation  values  were  adjusted 
by  modifying  consumptive  use  of  precipitation  and  applied  water,  and  stream- 
flow  percolation.  However,  total  consumptive  use  and  percolation,  as 
presented  in  Appendix  B,  were  not  altered. 

The  assiimptions  made  to  develop  the  percolation  criteria  were 
as  follows:  percolation  from  precipitation  is  related  to  seasonal  amounts 
of  precipitation  and  to  the  size  of  pervious  sureas;  percolation  from 
applied  water  is  related  to  the  seasonal  amount  of  irrigation  water,  which, 
as  expressed  in  eq\aation  (5)  above,  is  eqvial  to  the  applied  water  less  the 
waste  water  and  consumptive  use  of-  industrisil  processes,  the  size  of  the 
area  irrigated,  and  to  the  indexes  of  wetness  (ratios  of  the  annual  to  a 
long-time  mean  precipitation) .  The  index  of  wetness  factor  was  included 
because,  although  the  volume  of  irrigation  water  applied  during  wet  years 
tends  to  be  smaller  than  during  dry  years,  the  percentage  of  percolation 
may  be  greater  than  that  for  a  dry  year,  due  to  increased  soil  moisture. 


*Includes  industrial  waste  in  streajn  channels  and  excludes  storm 
infiltration  in  sewers. 
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For  each  basin,  the  seasonal  percolation  of  precipitation  that 
would  have  occurred  had  the  average  size  of  pervious  area  prevailed 
throughout  the  entire  base  period  was  computed  and  plotted  against  the 
seasonal  average  depth  of  precipitation  over  the  water-bearing  portion  of 
the  basin.  By  trial  and  error,  a  straight  line  was  drawn  through  the 
points,  until  the  s\im  of  the  percolation  obtained  from  the  line  equaled 
the  sum  of  the  historical  percolation  represented  by  the  plotted  points, 
A  straight  line  plot  was  established  for  each  basin.  The  ordinates  of 
these  curves  were  then  converted  to  percolation  in  acre-feet  per  acre  of 
pervious  sjrea. 

Seasonal  historical  percolation  of  applied  water,  in  acre-feet 
per  acre,  was  plotted  against  the  product  of  the  seasonsil  average  depth 
of  irrigation  water  per  acre  of  irrigated  area  (duty)  and  the  index  of 
wetness.  Again,  a  straight  line  was  drawn  throvigh  the  points,  by  triaJ. 
and  error,  until  the  total  percolation  obtained  from  the  line  equaled  the 
total  historical  percolation.  A  straight  line  plot  was  established  for 
each  basin. 

For  the  Central  Basin,  curves  for  the  entire  basin  were  first 
developed.  The  basin  was  then  divided  into  two  parts:   (l)  an  area  where 
the  ground  water  aquifers  are  known  to  be  in  direct  hydraulic  continuity 
with  the  surface,  including  the  forebay  areas  as  defined  by  the  Department 
of  Water  Resources  in  I960,  plus  the  Gaspur  aquifer;  and,  (2)  an  area 
where  the  aquifers  are  not  in  hydraulic  continuity  with  the  surface,  con- 
sisting of  the  area  outside  the  forebay,  excluding  the  Gaspur  aquifer. 
For  brevity,  these  areas  were  called  the  permeable  and  semipermeable  areas, 
respectively,  and  are  shown  on  Plate  I6. 
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The  semipermeable  area  of  Central  Basin,  being  geologically  sim- 
ilar to  West  Coast  Basin,  was  considered  to  have  similar  percolation  char- 
acteristics. Therefore,  the  West  Coast  Basin  percolation  curves  were 
utilized  to  represent  percolation  criteria  for  the  semipermeable  area  in  the 
Central  Basin.  The  percolation  curves  for  the  permeable  area  were  derived 
by  subtracting  the  percolation  curves  of  the  semipermeable  area  from  those 
representing  the  entire  basin  with  due  regard  to  pervious  and  irrigated 
acreages. 

The  curves  for  the  percolation  due  to  precipitation  are  shown 
on  Figure  3A.  and  those  for  the  percolation  of  applied  water  are  shown 
on  Figxire  3B  in  Chapter  2  of  the  main  body  of  the  text.  The  ciirves  are 
both  reasonable  and  compatible  with  the  geologic  characteristics  of  the 
■vario\is  basins. 

It  is  believed  that  the  percolation  curves  are  S- shaped,  rather 
than  straight  lines.  However,  when  the  data  were  plotted,  the  points  were 
found  to  lie  in  the  portion  where  the  S-curve  could  be  approxinated  by  a 
straight  line.  Because  a  straight  line  approximation  would  fall  well 
within  the  limits  of  the  accuracy  of  the  data,  a  straight  line  relationship 
was  assumed  for  both  percolation  of  precipitation  and  applied  water. 

The  accuracy  of  the  data  does  not  justify  a  more  refined  analysis 
than  that  described  above.  It  is  believed  that  the  curves  yield  dependable 
mean  veLLues  but  are  best  suited  for  application  only  to  the  range  of  values 
on  which  they  were  based.  Figure  3  "-^  shows  the  result  of  a  comparison 
between  the  amounts  of  percolation  estimated  using  the  criteria  cvtrve  and 
the  amounts  established  by  solving  the  hydrologic  equation  for  the  historic 
period  193^-35  through  1956-57. 
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Hydraulic  Relationships  Between  Zones  of 
Aeration  and  Saturation 

In  establishing  a  relationship  between  the  quantity  of  water 
from  precipitation  and  applied  water  that  reaches  the  zone  of  aeration 
and  the  quantity  of  water  reaching  the  saturated  zone,  it  was  assumed  that 
water  percolating  from  streamflow,  spreading,  and  injection  passed  the 
root  zone  and  reached  the  saturated  zone  within  one  year. 

Total  seasonal  amounts  of  deep  percolation  for  each  beisin,  for 

the  historic  period,  were  obtained  by  solving  the  following  equation 

(see  Figure  3-  2): 

Total  Deep  Percolation  =  (+)  Change  in  Storage  + 

Extraction  -  Net  Subsurface  Inflow (6) 

The  annual  streajnflow,  spreading,  and  injection  eimounts  were  subtracted 
from  the  total  deep  percolation  determined  utilizing  equation  (6)  for 
each  affected  basin,  enabling  annual  aunounts  of  the  deep  percolation  due 
to  precipitation  and  applied  water  only  to  be  obtained.  These  values  were 
accumiilated  for  each  basin  and  graphically  compared  with  the  accumulated 
seasonal  percolation  due  to  applied  water  and  precipitation  to  the  zone 
of  aeration  used  in  deriving  the  criteria  curves. 

As  depicted  on  Figure  3-  ^»  the  slope  of  the  accumulated  perco- 
lation to  the  zone  of  aeration  from  applied  water  and  precipitation  is 
generally  steeper  in  the  earlier  wet  period  (l93^-^)  than  in  the  dry 
period  (l9^5-57);  however,  the  percolation  rate  to  the  saturated  zone 
remained  relatively  constant  throughout  both  periods.  This  suggests  that 
water  percolates  from  the  zone  of  aeration  to  the  zone  of  saturation  at  a 
constant  rate.   It  is  believed  that  this  condition  is  due  to  the  release 

capacity  of  the  zone  of  aeration.   It  is  thought  that  the  zone  of  aeration 

i 
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behaves  much  like  a  large  reservoir  with  a  small  pipe.  Consequently,  the 
volmne  of  water  released  from  the  zone  of  aeration  to  the  lower  zone  can 
"be  expected  to  be  relatively  constant  provided  that  sufficient  water  is 
available. 

For  predicting  the  total  Eimounts  of  future  percolation  from 
applied  water  and  precipitation  to  the  zone  of  saturation  under  a  given 
rainfall  cycle,  it  was  assumed  that  the  accumulated  quantities  of  water 
percolating  to  the  zone  of  aeration  and  to  the  zone  of  saturation  would 
be  equal  and,  furthermore,  that  the  annual  amount  entering  the  satiirated 
zone  would  be  constant.   It  was  further  assumed  that  this  relationship 
would  hold,  regardless  of  whether  the  percolation  was  from  applied  water 
or  precipitation. 

Estimates  of  Future  Water  Supplies  to  the  Ground 
Water  Basins 

To  estimate  eimounts  of  futvire  deep  percolation  in  each  basin 
within  the  Coastal  Plain,  irrigated  and  pervious  areas,  and  the  deep  perco- 
lation due  to  precipitation  and  applied  water  were  evaluated. 

Irrigated  and  Pervious  Areas .  For  estimating  irrigated  and  per- 
vious areas  in  each  basin,  the  basin  area  was  separated  into  three  types 
of  land:  native,  agricultural,  and  urban.  Native  land  was  any  pervious 
land  that  was  not  irrigiated.  Agricultxrral  land  was  any  area  that  was 
irrigated,  such  as  dairies,  truck  crops,  etc.  The  remaining  area  was  con- 
sidered to  be  urban.  The  areas  of  the  three  lands  were  estimated,  based 
on  i960  Isuad  use  data.  The  ratio  of  the  pervious  urban  land  area  (primaril; 

lawns,  shrubs,  and  ornamental  horticultxire)  to  the  total  urban  area  for 

I 

i960  was  assumed  to  remain  fixed  throu^out  the  study  period.  Agricultural 
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and  native  lands  were  considered  to  be  negligible  in  1980  and  were  decreased 
at  a  constant  rate  for  the  intervening  years.  After  I98O  it  was  assumed 
that  there  would  be  no  change  in  pervious  and  irrigated  areas. 

Deep  Percolation  of  Precipitation.  The  record  of  seasonal  pre- 
cipitation at  the  City  of  Los  Angeles  was  used  as  a  basis  for  estimates 
of  future  precipitation  on  the  water-bearing  portion  of  the  study  area. 
The  precipitation  at  this  station  was  considered  to  be  representative  of 
the  precipitation  at  the  Coastal  Plain.  The  records  for  this  station  date 
back  to  1872,  the  longest  historic  record  of  any  station  in  the  Coastal  Plain. 
The  seasonal  precipitation  at  this  station  varied  from  a  high  of  38«l8  inches 
in  l883-8ij-  to  a  low  of  4.93  inches  in  I96O-61. 

The  precipitation  pattern  at  this  station  was  separated  into 
three  generally  discernible  cycles  consisting  of  several  wet  years  followed 
by  several  relatively  dry  years.  The  three  cycles  were  segregated  and  the 
accumxilated  departure  from  the  88-year  mean  precipitation  for  this  station 
(15.0  inches)  was  plotted  for  each  cycle  separately.  Based  on  these  three 
graphs,  a  general  futiire  cyclic  precipitation  graph  for  the  study  area  was 
plotted.  Estimates  of  precipitation  were  obtained  from  this  graph  utilizing 
the  88-year  mean  and  adding  or  subtracting  values  from  the  general  fut\ire 
cyclic  precipitation  graph.  These  values  were  assumed  to  be  the  average 
magnitudes  of  the  future  precipitation  for  the  entire  water-bearing  portion 
of  the  Coastal  Plain.  To  estimate  the  rainfaJ.!  for  each  basin,  it  was 
assumed  that  the  index  of  wetness  for  any  future  year  for  each  of  the  basins 

within  the  Coastal  Plain  '.rould  be  the  same  as  the  index  for  the  Coastal  Plain. 

To  check  the  effect  of  changing  cycles  of  rainfall  on  the  perco- 
lation quantities,  three  distinct  arrangements  of  the  general  future  cycle 
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were  developed  by  shifting  the  location  of  the  peak  ordinate.  The  amounts 
of  rainfall  for  each  basin  under  each  of  the  three  cycles  and  the  basic 
cycle,  as  we3JL  as  a  mean  precipitation  condition,  were  determined,  utilizing 
the  historic  relationship  of  the  basin's  index  of  wetness  to  that  of  the 
Coastal  Plain.  Allowing  for  the  change  in  the  pervious  area  for  each  basin, 
the  criteria  curves  were  used  to  detennine  the  quantity  of  percolation  to 
the  zone  of  aeration  for  each  basin  for  each  year  throughout  the  27-year 
study  period.  The  summation  of  each  basin's  quantities  for  each  year  was 
acciumilated  and  on  the  basis  of  the  historic  relationship,  this  amount  was 
assxuned  to  be  equal  to  the  amount  entering  the  zone  of  saturation  for  the 
study  period.  Table  3-1  shows  that  the  effect  of  the  different  cycles  on 
the  amount  of  percolation  is  negligible.  Thus,  the  yearly  mean  rainfall 
on  the  Coastal  Plain  was  used  to  develop  the  quantity  of  percolation  to 
the  zone  of  saturation  for  this  study.  The  average  annual  percolation  was, 
as  shown  in  Table  3-1,  29,000  acre-feet. 

Deep  Percolation  of  Applied  Water.  To  determine  the  quantity 
of  future  percolation  of  applied  water  utilizing  Plate  l6  for  each  basin, 
estimates  of  applied  and  waste  water,  irrigated  area,  and  the  index  of 
wetness  were  required.  The  assumptions  and  methods  used  to  estimate  these 
items  are  discussed  below. 

Projections  of  annual  applied  water  demand  for  the  Coastal  Plain 
were  made  for  the  study  period  extending  from  I963  to  1990*  ^e  projected 
demands  were  determined  for  each  basin  within  the  study  area.  The  future 
annual  applied  water  demand  for  each  basin  was  estimated  by  determining 
the  past  and  present  water  uses,  and  adding  incremental  increases  in  annual 
water  demand  to  the  present  water  use.  The  determination  of  the  historic 
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TABLE  3-1 


CCMPARISON  OF  ESTIMATED  PERCOLATION  OF  PRBCIPIIATION  TO  THE  ZOME  OF 

3ATUMTI0N  IH  THE  COASTAL  PLAIN  OF  LOS  AWGELES  COUNTY  FOR 

FOUR  PRECIPITATION  CYCLES  AND  A  MEAN  ANNUAL  RAINFALL 

FRCM  1963  THROUGH  1990 

Id  acre -feet 


Qeoeral  cycle 
(Base) 

Cycle  #1 
(Peak  in  1975) 

Cycle  #2 
(Peak  in  I985) 

Cycle  n 
(Peak  in  I968) 

Mean  annual 
precipitation 

Percolation 

Percolation 

Percolation 

Percolation 

Percolation 

Sasin 

Aeration 

Satura- 
tion 

Aeration 

Satura- 
tion 

Aeration 

Satura- 
tion 

Aeration 

Satura- 
tion 

Aeration 

Satura- 
tion 

(1) 

Accum- 
ulated 
total 

(2) 

=(l)/28 

average 

annual 

(1) 

Accum- 
ulated 
total 

(^) 

-(l)/28 

average 

annual 

(1) 

Accum- 
ul ated 
total 

(2) 

=(l)/28 

average 

annviAl 

(1) 

Accum- 
ulated 
total 

(2) 

-(l)/28 
average 

Accum- 
ulated 
total 

(2) 

=(l)/28 
average 

annual 

Hollyvood 

Santa  Monica 

Central 
Pressure 
Forebay 

West  Coe^t 

TOTAL  " 
Coastal 
Plain 


22,000  1,000  22,000  1,000  22,000  1,000  22,000  1,000  22,000  1,000 

120,000  1*,000  118,000  U,000  120,000  U,000  112,000  l*,000  120,000  U,000 

132,000  5,000  115,000  1*,000  120,000  4,000  123,000  U,000  128,000  5,000 

456,000  16,000  431,000  15,000  434,000  16,000  448,000  16,000  456,000  16,000 

101,000  3,000  90,000  3,000  95,000  3,000  92,000  3,000  95,000  3,000 


30,000 


28,000 


28,000 


28,000 


29,000 


rate  of  increase  of  annual  water  demand  and  the  present  use  of  applied  water 
were  based  on  data  contained  in  Tables  8-1  to  8-5  of  Appendix  B  to  Bulletin 
104.      Incremental  annual  increases  in  applied  water  demand  for  the  future 
study  period  were  estimated  by  analyzing  data  for  projected  applied  water 
demands  of  this  area.     The  projection  of  the  applied  water  demand  was  made 
by  utilizing  data  on  the  future  population  and  unit  values  of  urban  water 
use  contained  in  the  basic  data  for  Appendix  D,    "Economic  Demand  for 
Imported  Water",   to  Department  of  Water  Resources  Bulletin  78,    "Investigation 
of  Alternative  Aqueduct  Systems  to  Serve  Southern  California".     The  estimated 
rate  of  increase  in  applied  water  compared  favorably  with  the  historic  rate. 
It  was  assumed  that  for  each  basin  the  future  depth  of  irrigation 
water,    in  acre-feet  per  acre  of  irrigated  area,  would  not  substantially 
deviate  from  either  the  historic  average  or  the  average  of  the  latest  years. 
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To  check  the  reasonableness  of  this  assiimption,  the  annual  demand  for 
irrigation  water  for  the  future  was  determined  for  each  basin  within 
the  Coastal  Plain  by  multiplying  the  assiuned  \init  depth  of  irrigation 
water  by  the  annual  amount  of  irrigated  area.  Then,  the  ratio  of 
waste  water  to  applied  water  was  estimated  by  subtracting  the  irriga- 
tion water  from  the  applied  water  and  dividing  this  quantity  by  the 
applied  water.  The  rate  of  increase  of  the  resulting  ratio  for  each 
basin  was  compared  with  that  for  the  historic  period.  This  comparison 
showed  that  the  future  rate  of  increase  was  consistent  with  the  historic 
rate  and,  furthermore,  that  the  maximum  ratio  of  waste  water  to  applied 
water  for  each  basin  was  between  70  and  80  percent,  which  is  considered 
reasonable  for  em  urban  eirea  such  as  the  Coastal  Plain  of  Los  Angeles 
County. 

Based  on  the  duty  of  irrigation  water  and  the  irrigated  area 
for  each  basin  for  each  futiare  year,  annual  values  of  percolation  of 
applied  water  were  derived,  assmning  the  mean  precipitation  throughout 
the  study  period.  The  average  amount  of  applied  water  percolation  for 
the  future  study  period,  which  was  assiimed  to  be  equal  to  the  average 
annual  quantity  reaching  the  zone  of  saturation,  was  found  to  be  53^000 
acre-feet  (see  Table  3-2). 
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TABLE  3-2 

ESTIMATED  FUTURE  DEEP  PERCOLATION  OF  APPLIED  WATER 
IN  THE  COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY  FOR  A 
MEAN  ANNUAL  RAINFALL  FROM  I96O  THROUffl  I99O* 

In  1,000  acre-feet 


Percolation  to  the  zone  of  aeration 

i960  ;  1970  •  1980  ;  1990  !|i96of9o) 


Hollywood 

3.0 

3.0 

3.0 

3.0 

Santa  Monica 

i+.O 

5.0 

5.0 

5.0 

Central 

32.0 

33.0 

33.0 

33.0 

West  Coast 

11.0 

12.0 

14.0 

14.0 

TOTAL  for  Coastal  Plain 
of  Los  Angeles 
Covinty 

50.0 

53.0 

55.0 

55.0 

53.0 


*Av«rage  for  this  period  is  assiimed  to  be  equal  to  the  27-year  average 
for  1963  through  1990;  and,  in  accordance  with  criteria  between  the 
zones  of  aeration  and  saturation,  the  value  shown  for  the  average  to 
the  zone  of  aeration  is  assumed  to  be  equal  to  the  average  anniml 
queintity  of  deep  percolation  due  to  applied  water. 


Streamflow  Percolation 
In  determining  the  amoiints  of  future  etreamflow  percolation  and 
recharge  at  the  Montebello  Forebay,  the  basic  principles  of  settlement 
between  the  Upper  and  Lower  Basin  were  considered.   In  essence,  the  basic 
principle  of  settlement  states  that  the  Upper  Basin  (San  Gabriel)  would 
guarantee  a  certain  amount  of  water  or  its  monetary  equivalent  to  the 
Lower  Basin  (Coastal  Plain)  in  the  future.  For  this  investigation,  it 
was  assumed  that  the  amount  of  the  Upper  Basin  local  water  that  would 
percolate  in  the  Coastal  Plain  in  the  future  would  be  equal  to  the  his- 
toric (1934-35  through  1956-57)  average  annual  amount  of  percolation  due 
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to  rising  and  storm  waters  minus  an  amoiint  of  5^000  acre-feet  per  year 

previously  agreed  upon  to  be  credited  to  the  Upper  Basin. 

The  average  amount  was  determined  utilizing  the  following 

equation : 

Historical  Local  Water  Conserved  in  the  Montebello 
Forebay  =  Strearaflow  Percolation  in  Rio  Hondo  and 
San  Gabriel  Rivers  +  Local  Water  Spread  in  the  Rio 
Hondo  and  San  Gabriel  Coastal  Spreading  Grounds  - 
Imported  Water  Recharged  in  the  San  Gabriel  River 
Streambed. 

This  amount  was  found  to  be  53jOOO  acre-feet  per  year. 

To  check  the  reasonableness  of  this  value,  a  rough  estimate  of 
the  amount  of  storm  water  conserved  in  the  Montebello  Forebay  was  made 
by  the  Los  Angeles  County  Flood  Control  District  for  the  19-year  period 
1930-31  through  L9i+8-l+9.  The  average  for  this  period  was  found  to  be 
about  10,000  acre-feet  per  year.  The  average  amount  of  rising  water 
during  the  period  193^-35  through  1956-57,  according  to  data  presented 
in  the  Los  Angeles  Coxmty  Flood  Control  District's  biennial  reports,  was 
about  50,000  acre-feet  per  year.  Assuming  that  a  similar  amount  of 
conservation  of  storm  water  would  have  occurred  during  the  period  193'+-35 
through  1956-57  and  that  all  the  rising  water  could  be  percolated,  an 
average  annual  of  some  60,000  acre-feet  could  have  been  conserved  in 
both  the  streambed  and  spreading  ground  in  the  Montebello  Forebay.  How- 
ever, due  to  the  nature  of  the  spreading  operation  (i.e.  during  heavy 
rainfall,  rising  water  as  well  as  floodwater  is  released  for  flood  control 
reasons)  a  portion  of  the  historic  amounts  of  rising  water  was  lost. 
Therefore,  53>000  acre-feet  per  year  was  adopted  for  the  amount  of  replen- 
ishment in  the  Montebello  Forebay  due  to  percolation  of  storm  and  rising 
waters.  In  accordance  with  the  aforementioned  principle  of  agreement 
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between  Upper  and  Lower  Basins,  a  deduction  of  5,000  acre-feet  per  year 
was  made.  Consequently,  the  average  annual  amount  of  conserved  local 
water  presumed  in  this  study  was  i+SjOOO  acre-feet. 

Areal  Distribution  of  Deep  Percolation 
To  predict  future  water  level  elevations  reliably  for  the  alter- 
native plans  of  operation,  the  amounts  of  deep  percolation  from  the  various 
components  were  distributed  to  the  nodal  polygons  of  the  mathematical  model 
of  the  Coastal  Plain  as  described  in  detail  in  Attachment  No.  5^  "Formulation 
and  Verification  of  a  Mathematical  Model  of  the  Ground  Water  Basins  of  the 
Coastal  Plain  of  Los  Angeles  County".  Estinates  of  the  quantities  of  deep 
percolation  from  applied  water  and  precipitation,  which  were  determined 
for  each  basin,  were  distributed  to  the  polygons  based  on  the  amounts  of 
irrigated  and  pervious  area  together  with  their  relative  soil  infiltration 
rate.  Estimates  of  the  streamflow  deep  percolation  were  distributed  to 
the  polygons  in  proportion  to  the  area  of  the  spreading  grounds  and  stream- 
bed  within  the  polygon. 
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ATTACm-ffiNT  NO.    k 

FORMULATION  AND  UTILIZATION  OF  MATHEMATICAL  t-K)DELS 
FOR  HYDRAULIC  ANALYSES  OF  THE  PRBIARY 
SURFACE  DISTRIBUTION  SYSTEM 


ATTACHMENT  No.  k 


FORMULATION  AND  UTILIZATION  OF  MATHEMATICAL  MODELS 
FOR  HYDRAULIC  ANALYSES  OF  THE 
PRIMARY  SURFACE  DISTRIBUTION  SYSTEM 


Introduction 

The  maximum  delivery  capacity  of  the  primary  surface  distribu- 
tion system  is  an  important  factor  in  the  economic  analyses  of  conjunctive 
operation  of  surface  and  subs\arface  water  systems.  For  this  study,  the 
distribution  system  of  The  Metropolitan  Water  District  of  Southern 
California,  which  represents  the  primary  surface  distribution  system 
within  the  Coastal  Plain,  was  analyzed.  The  distribution  facilities  of  the 
City  of  Los  Angeles,  the  City  of  Long  Beach,  and  other  municipalities  were 
not  analyzed  as  primary  systems  because  their  delivery  requirements  were 
considered  to  be  common  for  all  plans  of  operation. 

The  distribution  system  of  the  Metropolitan  Water  District  is 
set  forth  in  case  VII  of  the  District's  Report  No.  802,  "Comparative  Economic 
Study  of  the  East  Branch  and  West  Branch  of  the  California  Aqueduct,  and  of 
Additional  Distribution  Facilities  Required  in  the  Southern  Ceilifornia 
Coastal  Plain  by  I990".  In  case  VII,  the  first  megor  expansion  is  sched- 
uled in  1972  £ind  water  is  expected  to  be  available  through  the  West  Branch 
of  the  State  Water  Project  in  that  year;  an  additional  expansion  of  the  dis- 
tribution system  is  scheduled  in  1983 .  The  presumed  1972  and  1983  expan- 
sions of  the  primary  distribution  system  serving  the  Coastal  Plain  of  Los 
Angeles  County  are  shown  on  Plate  5- 

In  the  determination  of  the  maximum  delivery  capacity  of  the 

system,  first,  the  expanding  system  was  represented  by  three  networks  of 

pipeline,  the  physical  characteristics  of  which  were  clearly  defined.  Then, 
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mathematical  models  were  developed  to  simulate  the  hydraulic  character- 
istics of  the  pipeline  networks  and  the  maximum  delivery  capacities  of  the 
networks  were  estimated  using  these  models.  In  the  remaining  portion  of 
this  attachment,  a  detailed  discussion  will  be  presented  on  the  pipeline 
networks  studied,  the  formulation  of  the  mathematical  models  of  the  pipe- 
line networks,  and  the  utilization  of  the  models,  as  well  as  on  the  results 
of  the  study. 

Distribution  Systems 
The  expanding  distribution  systems  analyzed  were:   (l)  the  net- 
work existing  in  1963?  (2)  the  network  presvmjed  to  be  in  service  in  1972; 
and  (3)  the  network  presumed  to  be  in  service  from  1983  throxigh  1990'  The 
boundaries  of  the  systems  analyzed  were  determined  by  analyses  of  control 
structures.  The  data  on  physical  cheiracteristics  of  the  system  was  derived 
pri marily  from  information  available  from  the  Metropolitan  Water  District. 
Estimates  were  used  in  those  cases  where  firm  data  was  not  available. 

Future  Expansion  of  Systems 

As  mentioned  before,  case  VII  presented  in  the  Metropolitan  Water 
District's  Report  No.  802  was  used  to  represent  the  future  expansion  of  the 
primary  distribution  system  serving  the  Coastal  Plain  of  Los  Angeles  County. 
Case  VII  is  an  euLternative  design  in  which  both  branch  aqueducts  would  be 
constructed  concurrently  for  service  in  the  year  of  initial  water  delivery, 
with  delivery  capacity  of  each  branch  aqueduct  one-half  of  the  total. 

At  the  time  of  this  study,  a  decision  had  not  been  made  as  to 
which  of  the  alternate  plans  was  to  be  incorporated.  The  Department  of 
Water  Resources,  in  an   office  report  entitled  "Study  of  the  Optimum  Division 
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and  Timing  of  Water  Deliveries  Between  the  East  and  West  Branches  of  the 
California  Aqueduct",  March  I962,  recommended  plan  3,  which  follows  a  sim- 
ilar expansion  schedule  as  case  VII.  Therefore,  case  VII  was  used  in  this 
study  to  represent  the  primaxy  facilities  needed  to  convey  water  from  the 
East  and  West  Branches  to  distribution  points  within  the  various  constitu- 
ent agencies. 

Boundary  Control  and  Internal  Control  Structures 

By  analyzing  control  structtires  within  the  system,  a  hydrauli- 
cally  independent  network  of  feeders  and  laterals  serving  the  Coastal  Plain 
was  isolated  from  the  Metropolitan  Water  District's  entire  distribution 
system. 

The  F.  -E.  Weymouth  Memorial  Softening  and  Filtration  Plant  on 
the  Upper  Feeder  and  the  newly  constructed  R.  B.  Diemer  Filtration  Plant  on 
the  Lower  Feeder  affordea  excellent  dividing  points  m  the  system;  the  net- 
work west  of  these  plants  was  the  distribution  system  analyzed.  These 
plants  were  designed  to  provide  hydraiilic  grade  line  elevations  that  vary 
only  slightly  under  actual  operating  conditions  and  constitute  a  continuous 
source  of  water  within  physical  limitations. 

The  isolated  system  was  further  reduced  by  analyses  of  physical 
and  hydraulic  characteristics  of  the  system  as  affected  by  internal  con- 
trol structures.  These  controls  were  located  at  Garvey  Reservoir,  the 
south  portal  of  Ascot  Tunnel,  the  Palos  Verdes  Reservoir,  and  the  proposed 
pressiure  control  structures  near  Ballona  Creek.  These  control  structures 
are  shown  on  Plate  17;  their  control  elevations  are  shown  in  Table  U-1. 
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TABLE  U-1 

BOUNDARY  CONTROL  STRUCTURE  AND 
CONTROL  ELEVATIONS  IN  FEET 


Control  structvire 


Control  hydraulic 
grade  line  elevation 


F.  E.  Wejrmouth  Memorial 

Softening  and  Filtration  Plant  1,080 

R.  B.  Diemer  Filtration  Plant  830 

South  portal  of  Ascot  Tunnel 

(weir  structure)  632 

Garvey  Reservoir  570 

Palos  Verde s  Reservoir  280 

Proposed  Ballona  pressure 

control  structures  kl^ 


Garvey  and  Palos  Verdes  Reservoirs  interconnect  with  the  pri- 
mary distribution  system  and  act  as  water  soxirces  during  periods  of  large 
demand.  In  both  reservoirs,  the  differences  in  hydraulic  grade  line  ele- 
vation from  high  water  level  to  low  water  level  are  approximately  50  feet. 
Garvey  Reservoir  was  designed  to  have  a  high  water  level  of  570  feet  and 
a  low  water  level  of  520  feet,  while  Palos  Verdes  was  designed  to  operate 
with  a  high  water  level  of  320  feet  and  a  low  of  270  feet.  Garvey  and 
Palos  Verdes  Reservoirs  have  storsige  capacities  of  1,500  and  1,100  acre- 
feet,  respectively. 

The  structures  at  the  south  portal  of  Ascot  Tunnel  maintain 
hydraulic  grade  line  elevations  within  a  small  range  of  variation.  The 
structure  contains  a  weir  that  is  perpendicular  to  the  direction  of  flow 
in  the  Palos  Verdes  Feeder.  Maximum  flow,  about  210  cfs,  throxigh  the 
Palos  Verdes  Feeder  line  north  of  Ascot  Tunnel  is  available  to  the  system 
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south  of  this  point  when  the  hydraxilic  grade  line  elevation  is  950  feet 
at  the  Eagle  Rock  control  structure. 

Pressure  control  structures  were  presumed  to  be  located  near 
Ballona  Creek  in  those  pipelines  that  are  to  be  placed  in  service  in  1972 
and  1983  •  The  maxi  mim  allowable  hydra\ilic  grade  line  elevation  at  these 
structures  was  assximed  to  be  U15  feet,  based  on  the  allowable  elevations 
at  existing  internal  control  structures  in  the  system.  As  a  result  of  a 
network  analysis,  it  appears  that  during  normal  operating  conditions  with 
peak  flows,  the  upstream  hydraulic  grade  line  elevation  at  these  control 
structures  will  always  exceed  kl3   feet  by  a  considerable  amount.  Thus,  a 
constant  hydraulic  grade  line  elevation  of  U15  feet  was  presumed  to  be 
available  to  the  distribution  system  downstream  from  these  control  structures, 

Internal  manifold  and.  regulator  control  structures  used  to  control 
the  pressiire  head  downstream  of  the  structure  are  located  throughout  the 
distribution  system.  The  hydraulic  grade  line  elevations  at  these  internaJ. 
structures  are  shown  in  Table  k-2. 

Assumptions  Concerning  Future  System 

In  accordance  with  case  VII,  assumptions  were  made  for  the  dis- 
tribution system  with  respect  to  the  location  of  connectors  and  alignments 
of  pipelines  scheduled  to  be  constructed  in  the  future.  These  assumptions 
Bxe: 

1.  The  existing  Orange  County  Feeder  will  interconnect  with  the 
Lower  Feeder,  and  the  Middle  Cross  Feeder  will  connect  to  the  Palos  Verdes 
Feeder.   In  1972,  there  will  be  a  connection  of  the  West  Coajst  Feeder  to 
the  Palos  Verdes  Feeder. 
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2.  The  proposed  pipeline  facilities  vill  interconnect  with 

existing  pipelines  in  those  locations  -where  the  two  silignments  intersect. 

TABIE  i4-2 

HYDRAULIC  GRADE  LINE  EIEVATION  LIMITS  FOR 
INTERNAL  CONTROL  STRUCTURES* 


Pressure  control 

Code 
number* 

Feeder 

Hydraulic  grad 
elevation,  in 

e  line 
feet 

structure  location 

Upstream 

•  Downstream 

• 

Los  Angeles  River 

58 

Palos  Verde s 

620 

1^15 

Rio  Hondo  River 

26 

Middle 

650 

U90 

San  Gabriel  River 

63 

Lower 

725 

650 

Coyote  Creek 

?1 

West  Orange 
County 

725 

658 

Coyote  Creek 

7 

Lower 

810 

725 

Compton  Creek 

1^3 

Palos  Verde s 

537 

1^15 

*The  locations  of  these  structures  are  shown  on  Plate  1?. 

Determination  of  Pipeline  Characteristics 

Hydraulic  analyses  of  the  primary  distribution  system  were 
required  to  determine  physical  dimensions  of  the  pipelines  and  to  define 
the  area  in  which  the  takeout  connectors  serve. 

Pipe  lengths,  diameters,  and  invert  elevations  were  determined 
through  the  use  of  topographic  maps,  Metropolitan  Water  District  reports, 
and  specification  manuals.  Groxmd  svurface  elevations,  taJcen  from  topo- 
graphic maps,  were  used  to  represent  approximate  invert  elevations  at  con- 
nectors and  junctions.  Actual  elevations  were  obtained  for  internal  and 

boxindary  control  struct\ires  because  these  were  the  primary  boundary  con- 
trols on  the  system. 
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Location  of  each  of  the  takeout  connectors  with  respect  to  econ- 
omic subdivisions  of  the  study  area  vas  required  to  determine  the  maximum 
delivery  to  each  area.  This  was  accomplished  by:  (l)  determining  the 
location  of  service  connectors  in  the  distribution  system,  (2)  determin- 
ing the  water  agencies  served  from  the  connectors,  and  (3)  determining 
the  economic  area  in  which  the  agencies  are  located.  If  any  agency  was 
not  contained  exclusively  in  one  area,  the  percentage  of  total  service 
area  in  each  economic  area  was  determined.  In  several,  cases,  one  connector 
served  two  or  more  economic  areas. 

Equivalent  Distribution  System.  The  complex  system  of  pipelines, 
controls,  takeout  connectors,  and  jtinctions  was  represented  by  80  equiva- 
lent takeout  connectors,  controls,  and  junctions  and  96  equivalent  pipe- 
lines of  varying  lengths  and  diameters  to  accommodate  the  data  within  the 
capacity  of  a  computer  program  used  for  analyses  of  the  system.  The  num- 
bering code  for  equivalent  connectors  and  pipelines  is  shown  on  Plate  17. 

An  equivalent  connector  represented  a  group  of  two  or  more 
Metropolitaui  Water  District  adjacent  service  connectors  on  a  pipeline.  The 
equivalent  connector  was  hydraulically  representative  of  the  actual  service 
connectors.  However,  the  connectors  that  represented  boundary  controls  and 
internal  control  structures  were  located  as  if  in  the  actual  systems.  Pipe- 
lines contained  between  equivalent  connectors  were  called  equivalent  pipe- 
lines. Total  lengths  of  feeders  and  laterals  in  the  distribution  system 
were  maintained  in  the  equivalent  system.  The  equivalent  pipeline  diameters 
and  lengths  are  shown  in  Table  k-3- 
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TABLE  1+-3 

EQUIVALENT  PIPELIKE  CHARACTERISTICS  OF  THE 
PRIMARY  DISTRIBUTION  SYSTEM 


Line 
number 

Diameter  (D) , * 
*       in  inches     | 

Length  (L), 
in  feet 

:Hazen-Williams : 
:  Coefficient     : 

(c) 

Relative 
roughness^ 
F  X  10"^ 

1 

k2 

8,000 

129 

133 

2 

k2 

18,000 

129 

293 

3 

36 

10,000 

129 

3^2 

k 

36 

9,000 

129 

308 

5 

36 

38,500 

129 

1,319 

6 

96 

21,500 

126 

6 

7 

96 

8,500 

105 

3 

8 

78 

13,000 

120 

n 

9 

78 

13,500 

120 

12 

10 

78 

13,500 

120 

12 

n 

78 

11,500 

12k 

10 

12 

78 

7,000 

22k 

5 

13 

78 

2,000 

22k 

1 

Ik 

72 

10,500 

108 

16 

15 

72 

11,000 

108 

18 

16 

72 

8,500 

108 

13 

17 

72 

9,500 

108 

15 

18 

96 

19,500 

12? 

6 

19 

36 

21,500 

130 

722 

20 

36 

17,500 

108 

826 

21 

33 

11,500 

108 

826 

?? 

k2 

7,000 

120 

125 

23 

k2 

19,500 

120 

362 

2k 

k2 

13,500 

120 

2k6 

25 

k2 

11^,000 

120 

260 

26 

5k 

15,000 

120 

80 

27 

U5 

u,ooo 

Hk 

61 

28 

72 

6,500 

130 

9 

29 

72 

9,000 

130 

10 

30 

72 

9,000 

130 

10 

31 

72 

13,000 

130 

Ik 

32 

72 

5,500 

108 

8 

33 

i+5 

13,000 

Hk 

191 

3k 

36 

15,500 

138 

I467 

35 

36 

3,000 

138 

90 
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EQUIVALENT  PIPELINE  CHARACTERISTICS  OF  THE 
PRIMARY  DISTRIBUTION  SYSTEM 
(continued) 


Line 

*  Diajneter  (D)  , ' 

Length  (L), 

:Hazen-Williams : 

Relative 

number 

•   in  inches  * 

in  feet 

:  Coefficient  : 

(c) 

roughness 
F  X  10-9-0* 

36 

50 

6,000 

104 

63 

37 

50 

11,500 

lOU 

116 

38 

50 

6,000 

lOU 

61 

39 

50 

7,000 

104 

73 

iw 

50 

U,000 

104 

40 

Ul 

50 

3,000 

104 

29 

k2 

5U 

lU,000 

120 

77 

h3 

5lt 

i+,500 

120 

23 

kk 

50 

16,000 

104 

165 

U5 

i*5 

12,000 

120 

157 

k6 

h5 

17,500 

120 

229 

hi 

h5 

2,500 

120 

32 

k8 

1*5 

1,500 

120 

18 

h9 

i*5 

3,000 

120 

36 

50 

50 

1*,500 

104 

47 

51 

50 

2,500 

104 

28 

52 

6o 

42,000 

120 

136 

53 

60 

9,500 

120 

31 

5i+ 

60 

23,000 

120 

74 

55 

60 

2,000 

120 

7 

56 

50 

6,500 

104 

69 

57 

50 

8,000 

112 

71 

58 

78 

5,500 

108 

5 

59 

78 

6,500 

108 

7 

6o 

78 

5,500 

108 

6 

61 

78 

10,500 

108 

11 

62 

78 

8,000 

108 

8 

63 

36 

6,500 

120 

262 

6U 

36 

6,500 

120 

254 

65 

50 

14,500 

112 

128 

66 

50 

2,500 

n? 

20 

61 

50 

3,000 

112 

28 

68 

1*8 

29,000 

120 

280 

69 

U8 

10,000 

120 

95 

70 

1*8 

4,000 

120 

40 
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EQUIVALENT  PIPELINE  CHARACTERISTICS  OF  THE 
PRIMARY  DISTRIBUTION  SYSTM 
(continued) 


Line 

[Diameter 

(D), 

Length  (L), 

:Ha,zen- Williams : 
:  Coefficient  : 

Relative 
roughness 

number 

*  in  inches 

in  feet 

(c) 

F  X  10-9.0* 

71 

1+8 

4,000 

120 

40 

72 

h8 

5,000 

120 

50 

73 

k8 

7,000 

120 

67 

71^ 

k8 

1,500 

120 

16 

75 

50 

12,000 

112 

107 

76 

72 

79,500 

103 

l4l 

77 

50 

13,500 

103 

143 

78 

51 

12,500 

103 

121 

79 

60 

30,500 

120 

99 

80 

51 

2,500 

103 

25 

81 

75 

44,000 

120 

48 

82 

Qk 

35,000 

120 

22 

83 

8k 

28,000 

120 

17 

82^ 

k8 

15,000 

120 

145 

85 

k8 

15,000 

120 

145 

86 

k8 

15,000 

120 

145 

87 

8k 

38,000 

120 

23 

88 

8k 

30,000 

120 

18 

89 

8k 

23,000 

120 

14 

90 

3k 

14, 500 

120 

78 

91 

81 

12,000 

120 

9 

92 

81 

18,000 

120 

13 

93 

81 

47,000 

120 

35 

9^ 

k3 

48,000 

120 

636 

95 

8k 

44,000 

120 

27 

*Relative  roi 

iahness  = 

iS^ia 

L 

,1.85d4.67 


Determination  of  Roughness  Factor.  The  Hazen-Williams  rough- 
ness factors  (C)  of  the  pipelines  were  determined  using  roughness  factors 
of  component  equivalent  pipelines.  Roughness  factors  of  existing  pipe- 
lines in  the  primary  system  were  computed  on  the  basis  of  pipe  lengths. 
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diameters,  capacities,  and  nomBl  operating  hydraulic  grade  line  eleva- 
tions obtained  from  Appendix  F,  "Conveyance  and  Distribution  of  Imported 
Water  Within  Service  Areas",  of  Department  of  Water  Resources  Bulletin 
No.  78,  "Investigation  of  Alternative  Aqueduct  Systems  to  Serve  Southern 
California".  A  Hazen-Williams  roughness  factor  of  120,  which  was  found 
to  be  the  representative  roughness  factor  of  existing  pipelines,  was  used 
for  futiore  pipelines.  The  roughness  factors  for  segments  shown  on  Plate 
17  which  are  used  for  the  equivalent  pipelines  in  the  analyzed  system  are 
given  in  Table  k-'^. 

Mathematical  Model  of  the  Primary  Distribution  System 

To  estimate  the  maximum  delivery  capacity  of  the  primary  distri- 
bution system,  hydraulic  grade  line  elevations  had  to  be  determined  at 
vario\as  control  and  takeout  structures  vmder  numerous  rates  and  patterns  of 
of  delivery.  For  this,  mathematical  models  of  the  expanding  primary  distri- 
bution system  were  formulated  and  utilized  in  the  subsequent  phases  of  this 
work.   In  the  formiilation  of  these  models,  a  general  pipeline  network  equa- 
tion was  developed. 

Derivation  of  General  Pipeline  Network  Equation 

The  general  pipeline  network  equation  which  relates  the  physical 
characteristics  of  a  pipeline  network  to  the  hydraulic  characteristics 
was  used  to  form  an  integral  portion  of  the  mathematical  model.  The  con- 
tinuity equation  as  it  is  related  to  flow  in  pipeline  networks  and  the 
Hazen-Williams  flow  relationship  were  combined  to  formulate  the  general 
pil)eline  network  equation. 
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The  general  continuity  equation  is: 
Inflow  -  Outflow  =  0 
or 
Net  Pipeline  Flow  at  a  Connector  =  0 
If  the  connector  of  interest  is  identified  by  subscript  B  and 
all  adjacent  connectors  as  subscript  i,  the  continuity  equation  can  be 
rewritten  as : 

^i  Qi,B  +  Qb  =  0  (1) 

where:  l±Q.±   B  refers  to  the  net  pipeline  flow  at  a  connector  and  Qg  is 
the  amount  of  flow  entering  or  leaving  the  pipeline  network  at  connector  B. 

The  eq\xation  used  in  computing  the  amount  of  flow,  based  on  the 
Hazen- Williams  relationship,  is : 

1.85 
(hi  -  hg)  =  Fi^B  Qi,B  (2) 

and 


F 

-     10-^  Li.B 

i,B 

a.85  A.Ql 
'^i,B     ^  i,B 

where:   (h^  -  hg)  =  difference  in  hydraulic  gi^de  line  elevation,  in  feet, 

in  the  pipeline  linking  connector  B  and  adjacent  con- 
nector i; 

Fj_  B  =  relative  roughness  of  the  pipeline  linking  connector  B 
and  adjacent  connector  i; 

%  B  ~  flow,  in  gallons  per  minute,  in  the  pipeline  linking 
connector  B  and  adjacent  connector  i; 

Lj_  B  =  length  of  pipeline,  in  feet,  linking  connector  B  and 
adjacent  connector  i; 

C^  B  "^  Hazen-Williams  coefficient  of  pipeline  linking  con- 
nector B  and  adjacent  connector  i; 
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^i  B  "  <iia™eter  of  pipeline,  in  inches,  linking  connector 
B  and  adjacent  connector  i. 

Equation  (2)  is  rewritten  as: 

1/1.85 
^i,B 

Multiplying  the  right  side  of  equation  (3)  by  ^   ^  ~     ^^   simpli- 

(hi  -  hg) 

fying,  and  setting: 

1/1.85 

^^ 

Yi,B  = -— (^-A) 

(hi  -  hB)°'^5/l.85  ,  g 

the  expression  becomes: 

%B  =   Yi,B  (^1  -  H)  (^-B) 

where  Y^  -g  is  the  conductance  factor  of  the  pipeline  linking  connector  B 
and  adjacent  connector  i.  The  purpose  of  the  constant  E  in  equation  (4-A) 
is  to  enable  the  computer  to  handle  the  condition  in  which  the  difference 
in  hydraulic  grade  line  elevation,  (hi  -  hs),  becomes  very  small  or  zero. 
The  general  pipeline  network  equation,  obtained  by  the  combina- 
tion of  equations  (l)  and  (4-B),  is: 

Zi[(hi  -  hg)  Yi^B]+  Qb  =  0  (5) 

This  eq\iation  is  directly  used  in  the  formulation  of  the  mathe- 
matical model  of  the  pipeline  network  serving  the  Coastal  Plain. 

Formulation  of  Mathematiceil  Model 

For  each  of  the  equivalent  connectors,  a  specific  equation  in 
the  form  of  equation  (5)  with  a  proper  value  of  (Y^^  b)  ^'^s  written  in 
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terras  of  relative  roughness  (F^^  j)  as  shown  in  equation  (U-A) .  The  fac- 
tor (Ys  g)  for  each  equation  included  the  effects  of  diameters ,  lengths, 
and  roiighness  of  adjacent  equivalent  pipelines.  A  set  of  these  equations, 
which  simulated  hydraulic  characteristics  of  the  distribution  system  they 
represented,  constituted  the  mathematical  model  of  the  system.  This  model 
was  formulated  for  each  of  the  three  pipeline  networks  considered  in  the 
study:  the  network  existing  in  I963,  the  network  presumed  to  he  in  ser- 
vice in  1972,  and  the  network  presumed  to  be  in  service  from  I983  through 

1990. 

Development  of  a  Computer  Program 
As  mentioned  before,  the  mathematical  model  for  each  network 
was  composed  of  a  large  set  of  equations .  To  determine  a  hydraulic  grade 
line  elevation  for  each  equivalent  connector  and  resulting  flow  in  each 
equivalent  pipeline  under  a  selected  scheme  of  water  delivery,  those  equa- 
tions had  to  be  solved  simultaneously  while  satisfying  two  conditions: 
(1)  the  algebraic  sum  of  the  pressure  drop  around  any  pipeline  loop  had 
to  eqi>al  zero,  and  (2)  the  flow  entering  a  connector  had  to  equal  the 
flow  leaving  it.  The  laborious  and  repetitive  computation  required  to 
solve  each  set  of  equations  is  a  formidable  task  to  undertake  with  manual 
methods.  Therefore,  a  computer  program  was  developed. 

The  computer  program  is  shown  on  Figure  k-  1,  and  its  correspond- 
ing flow  chart  on  Figure  k-?-.    The  procedure  utilized  in  the  program  is     " 
as  follows: 

1.  Accept  input  data; 


2.  Solve  for  conductance  factor  (Y^  g)  for  each  equivalent 

pipeline ; 

3.  Compute  (Q^  g)  for  each  equivalent  pipeline; 
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moo  •  0 
10    nmo  •  nnn  *  i 


T{2)   .  n(2)/((*BSF(H(2)   -  H(3)))<«.'>59'>  ♦ 


T{55)  ■  tt(55)/((ABSP(H(Tl)   -  H(72))>*'.l>59*  ♦  K) 


Y(95)  -  XK(95)/((ABSF(H(76)   -   HCTJ)))".*?*  ♦   S) 


DO  20  K  .   1,    80 

20 

H(K)  .  8(K)   ♦  RKLAX(K)«RHS(K) 
Sl»(  .  0.0 

E 
E 

DO  30  K  =   1,   80 

30 

Sin  .   3l«  »  ABSP(R£S(K)) 

iPtsiw  -  aoioB)  to,  to,  lo 

ItO 

CCHTDIUE 

BKLAZfl) 
ItEIAX(2) 


0.0 

C0WT/(T(2)   ♦  1(1)) 


PRDW,  rrraio 

DO  50  K  =   1,   80 
50     PRDIT,   K,   r£MX(K),   R£S(K),    *1(K),   H(K) 
DO  60  K  .  1,  95 

60     PRDW,   K,   T(K),   «(K) 


BKUX(52)  -  C0ffy/(T(6T)  ♦  1(68)   ♦  I(T5)) 


RKUx(8o)  .  (x»T/(r(89)  ♦  r(90)  ♦  r(9i)) 


u :  urn  -  im 


<J(W)  .  I(li6>iKH(36)  -  1(37)) 

a(95)  -  I(95)»(H(T6)  -  H(75)) 

RES(1)  •  0.0 

R«8(2)  .  Q(l)   -  9(2)  ♦  Aa(2) 

MS(35)  -  9(50)  -  9(l*'»)  -  9(1*5)  ♦  *»(35) 

BES(ao)  .  9(89)  ♦  9(91)  -  9(90)  »  iW(80) 


DEFUinCHS 

ITRHO  .   rEERATIOH  KUHBKR 

Y(2)  .  CCHDOCTAHCE  FACTOR  OF  PIPELINE(2),   GALLOHS/mIHOTE-FcH'       ,^ 
}(X(2)   .  RtSIOTAMCE  FACTOB  CP  PIPELIKE(2),   GALLC»JS/KniUTE-PEBr°''*°° 
B(2)   =  HURAULIC  grade  LniE  ELEVATiar  AI  C0NI(BCTCB(2),   FEET 
E  .  A  CCBSTAirr  USED  TO  HARDDE  IH  CQMPOTER  THE  CCBDITIOM  OCCURFDC 

WHJM  THE   DIFFERENCE   Dl  HYDRAULIC  GRADE   LINE  ELEVATICB  BHWEEM 

IVO  COKNECTORS   BECOMES   ZERO 
RSUUC(2)   =  REIAXATIcm  COErFICIE»r  AT  C0I0CECTC»(2),   MDIVrE-FEBr/GALLON 
COiiT   =   REUUCATICn  FACTOB  WHICH  SPErDS  CCBVJBGtMCE 
9(2)   ■  FliW  m  PIPELIHE(2),   OALLCBS/MUnrrE 
RES(2)   =  RESIDUAL  FLOW  RATE  AT  C(«HBCT(»(2),   QALLOHS/HnWTE 
A9(2)  =  TAXEOW  FLOW  AT  CCKHBCT0R(2),   GALLCBS/MHWrE 
K  =  COHIIBCTOR  <M  PIPELINE  HUMBER 

SUM  =  TOTAL  RESIDUAL  FLOW  RATE  Dl  THE  METWORK,   GALLCBS/HDWrE 
ERBOi!  =  MAXIMUM  ALLWABU:  TOTAL  RESIDUAL  FLOW  RATE  M  THE  HBTWORK, 

OALLCfflS/MMUrE 
ABSF   =   ABSOUTTE   SYMBOL 
•  -  MULnPLICATIOH  SYMBOL 
••  =.  EXPdlEin'IAL  SYMBOL 
/  -  DIYISIOH  SYMBOL 
DO  =  PQDPORM  CCHPUTATIOB  A  SPECIFnD  HUMBER  OP  TDGS 


FIGURE     4-1 
SIMPLIFIED  FORTRAN  PfJOGRA**  FDR  DIGITAL  COMPUTER  SOLUTION  OF  A  SET  OF  PRINQPAL  P»«.IN£  fCTWORK  EQUATIONS 


U.  By  using  the  continuity  equation,  determine  the  amount 
of  deviation  from  the  condition  Q  =  0,  at  each  con- 
nector (residual  factor,  RES  ); 

5.  Correct  hydraulic  grade  line  elevation  at  each  connec- 

tor by  using  RES^^  g  and  a  relaxation  coefficient 
(RELAX3); 

6.  Compare  the  total  residual  flow  with  a  preselected  tol- 

erance factor  (ERROR); 

7.  Repeat  the  procedure  until  the  total  residual  flow 

becomes  less  than  ERROR; 

8.  Print  out  final  hydraulic  grade  line  elevations  at  con- 

nectors and  flows  in  pipelines. 
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START: 
DOAD  DATA 


B  =   1,    2,    3,     .    .    .   M 


Compute  Conductance  Factor  for  each  Pipeline 


Compute  Relaxation  Coeff .  for  each  of  N  Connectors 
„„,  .J       RELAXATIOM  FACTOR 


Compute  Pipe  Flows  for  each  Pixieline 
<4,B  =  ^i,B  H   -   ^) 


1 


Compute  Residual  Flow  Rates  for  each  of  H  Connectors 


J 


H.B  *  % 


Correct  Hydraulic  Grade  Line  Elevation  for  each  of  H  Connectors 

h^*^  =  h^  +  (res^Xrelax^) 


DEFINITIORS 

B      =     CONMEOTOR  OF   IMTEREST 


1 

J 

"^ 
h„ 


i,B 


CONNECTOR  ADJACEOT  TO  CONNECTOR  B 

ITERATION  NUMBER 

HYDRAUUC  GRADE  LINE  EIZVATION  AT  CONNECTOR  B 

INITIAL  HYDRAULIC  GRADE  LINE  ELEVATION  AT 
CONNECTOR  B 

HKDRAULIC  GRADE   LINE  ELEVATION  AT  CONNECTOR   1 

TOTAL  NUMBER  OF  CONNECTORS  IN  THE   NETWORK 

CONDUCTANCE  FACTOR  OF  PIPELINE   CONNECTING 
CONNECTOR  B  AND  ADJACENT  CONNECTOR  1 


Fj  g      -     REUTIVE  ROUGHNESS  OF  THE  PIPELINE  CONNECTING 
'  CONNECTOR  B  AND  ADJACENT  CONNECTOR  i 

E      -     A  CONSTANT  USED  TO  HANDLE  THE  CONDITION  OCCURRIITO 
WHEN  THE  QUANTITy   (hj   -   hj)   BECOMES  ZERO 

RELAXg      '     RELAXATION  COEFFICIENT  AT  CONNECTOR  B 

REIAXATION  FACTOR     -     A  CONSTANT  WHICH  SPEEDS  CONVERGENCE 

9j  g      -     FLOW  IN  THE  PIPELINE  CONNECTING  CONNECTOR  B  AND 
'  ADJACEWT  CONNECTOR   1 

RESg      =     RESIDUAL  FLOW  RATE  AT  CONNECTOR  B 

Qg      -     TAKEOUT  FLOW  AT  CONNECTOR  B 

RES     '     TOTAL  RESIDUAL  FLOW  RATE   IN  THE   NETWORK 

ERROR      ^     MAXIMUM  ALLOWABI£  TOTAL  RESIDUAL  FLOW  RATE 

IN  THE  NETWORK 


PRMT: 

i.B-  ^-  <' 

YES 

STOP 

SIMPLIFIED  FLOW  CHART  FOR  DIGITAL   COMPUTER  SOLUTION 
OF  A  SET  OF  PRINCIPAL   PIPELINE    NETWORK   EQUATIONS 


DEPARTMENT   OF  WATER   RESOURCES,   SOUTHERN   DISTRICT,  1966 
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The  correction  mentioned  in  item  5  above  is  a  product  of  resid- 
ual (res)  and  a  relaxation  coefficient  (RELAX  =  l/Y^  g). 

Input  data  to  the  program  included  an  assumed  initisLL  hydraulic 
grade  line  elevation  (HZERO),  a  takeout  flow  (AQ)  for  each  connector,  and 
a  resistance  factor  (XK)  which  is  a  function  of  the  Hazen-Williams  Coeffi- 
cient (C),  a  diameter,  and  len^h  of  a  pii)eline.  The  resistance  factor  is 
equal  to  (l/F^  g)  '  *  •^,  as  shown  in  equation  (U-A).  Additional  informa- 
tion included  identification  numbers  for  connectors  and  pipelines  and  a 
corresponding  sign  to  each  pipeline,  showing  direction  of  flow.  The  equiv- 
alent connector  and  pipeline  numbering  code  is  shown  on  Plate  17.   In  the 
system  map  in  Plate  17,  the  sign  of  each  flow  (q)  was  determined  according 
to  a  sign  convention  in  which  all  westerly  and  southerly  flows  were 
positive,  easterly  eind  northerly  flows  were  negative.  The  direction  of 
flows  through  slanted  pipelines  are  indicated  in  Plate  17. 

A  relaxation  factor  was  applied  to  the  relaxation  coefficient 
(RELAX^  g)  to  shorten  the  solution  time.  The  relaxation  coefficient  is 
represented  by  the  following  equation: 

RELAX.  ^  =  RELAXATION  FACTOR  (6) 

Computer  time  was  lessened  by  choosing  reasonable  initial 
hydraulic  grade  line  elevations  to  shorten  the  solution  time. 

Approximation  of  Maximum  Delivery  Capacity  of  System 
Utilizing  the  mathematical  model  and  computer  program  for  hydraulic 
grade  line  elevation  and  flow  determinations  under  various  schemes  of  water 
delivery,  the  maximum  delivery  capacity  'vas  approximated  for  each  of  the 
three  networks  studied.  Meiximum  delivery  capacity  of  a  distribution 
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system  is  defined  as  the  maximum  amount  of  water  that  can  be  delivered  by 
the  distribution  system  with  pressures  equal  to  or  higher  than  specified 
pressures  at  connectors  and  control  structures. 

To  approximate  the  maximum  capacity,  operational  criteria  for 
maxiioim  delivery  were  formulated,  assumptions  were  made  to  ensure  a  solu- 
tion consistent  with  limitations  imposed  by  boundary  conditions,  and  log- 
ical procedures  were  followed  to  satisfy  the  criteria  and  the  limitations. 
The  criteria,  assumptions,  and  the  procedures  will  be  discussed  here. 

Criteria  for  Maximum  Delivery 

The  criteria  for  maximum  delivery  consisted  of  three  require- 
ments:  (l)  pressures  at  nearly  all  the  takeout  connectors  must  be  equal 
to  or  above  65  psi  without  use  of  booster  pixmps,  (2)  pressures  at  control 
structures  must  be  consistent  with  control  hydraulic  grside  line  elevations 
given  in  Table  4-1,  and  (3)  a  selected  delivery  rate  is  the  largest  rate 
that  will  satisfy  the  pressure  requirement  for  any  assumed  takeout  pattern. 

Assumptions 

To  ensure  ojjerationally  realistic  delivery  rates,  several  phys- 
ical limitations  were  considered  and  numerically  defined  under  certain 
assumptions.  The  limitations  considered  were  conveyance  capacity  of 
feeders  leading  to  the  network  studied,  minimum  amount  of  ground  water 
extraction  and  water  demands  for  fresh-water  barriers  and  spreading 
facilities,  as  well  as  domestic  and  municipal  needs. 

It  was  assumed  that  for  the  period  1963-72  the  annual  delivery 
capacity  of  the  system  to  the  CoastsLL  Plain  will  not  be  greater  than  the 
amovmt  that  is  needed  to  meet  the  imported  water  need  of  the  area  when 
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total  extractions  in  the  area  axe  reduced  to  kO  percent  of  the  annual  extrac- 
tion of  1956-57 •  Peak  required  delivery  rate  was  considered  to  be  I30  per- 
cent of  average  annual  rate  of  delivery.  During  the  period  of  heavy  water 
demand,  spreading  operations  were  assumed  to  be  suspended.  However,  fresh- 
water injection  was  considered  to  be  a  continuous  operation.  Consequently, 
spreading  demand  for  imported  water  was  subtracted  from  the  total  water  re- 
quirements for  this  analysis. 

Procedures  for  Approximating  Maximum  Delivery  Hate 

In  approximating  the  maximum  delivery  rate  of  the  primary  distri- 
bution system,  amounts  of  takeout  were  assigned  within  the  assumed  limits 
of  the  various  connectors.  Pressure  responses  at  all  takeout  connectors 
and  control  structures  were  then  computed  on  a  digital  computer.  When  the 
resulting  pressure  responses  were  lower  than  desired  pressure,  the  pattern 
of  takeout  was  changed  but  the  total  amount  of  delivery  was  kept  the  same 
to  satisfy  pressure  requirements.  A  number  of  takeout  patterns  were 
analyzed  until  the  pressure  requirements  were  satisfied,  or  until  it  becsime 
apparent  that  with  the  assumed  rate  of  delivery  there  was  no  pattern  that 
could  satisfy  the  pressure  requirement.  When  the  coinputed  pressure  was 
higher  than  the  desired  pressure,  the  pattern  of  takeout  was  kept  the  same, 
but  the  total,  amount  of  delivery  was  increased  to  reduce  pressure.  Total 
deliveries  were  varied  until  the  pressure  requirements  were  satisfied,  or 
it  became  apparent  that  no  pattern  would  work.  Throughout  this  operation, 
hydraulic  grade  line  elevations  at  control  structures  and  rates  of  flow 
in  the  equivalent  pipeline  coming  out  of  the  boundary  controls  were 
monitored  to  avoid  physically  incompatible  situations.  Hence,  the 
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solution  obtained  for  each  of  the  three  pipeline  networks  was  compatible 
with  reasonable  operating  conditions. 

Results 

The  resulting  flows  in  the  equivBlent  pipelines  and  the  hydraulic 
grade  line  elevations  at  connectors  for  each  of  the  analyzed  networks  are 
shown  in  Table  k-k. 

Estimates  of  the  maximum  delivery  capacities  of  the  equivalent 
networks  representing  the  primary  distribution  system  serving  the  Coastal 
Plain  of  Los  Angeles  County  during  the  period  from  1963-1972,  from  1972- 
1983,  and  from  I983-I99O,  are  shown  in  Table  7  in  Chapter  II. 

For  this  study,  the  pressure  requirements  were  satisfied  at  all 
control  structures  and  connectors,  except  for  a  smeill  number  of  connectors 
where  the  pressure  was  slightly  below  65  psi.  These  connectors  were 
generally  in  the  pipelines  west  of  the  Palos  Verdes  Feeder. 
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TABI£  h-k 

CCSOffiCTOR  TAKEOUTS,  HYDRAUUC  GRADE  LINE  EI£VATIOMS 

AND  PIPELINE  FLOWS  RESULTINO  FROM  MAXIMUM  DELIVERY  BY  THE 

PRIMARY  DISTRIBUTICai  SYSTEM 


Takeout  at  connector. 

Hydraulic  grade  line  eleva- 

Flov 

in  pipellneD.c 

Code 
number* 

In  gallons  per 

ninute 

tion  at 

:onnector , 

in  feet 

in  gallon*  per 

ninute 

1963-72  : 

1972-83 

;  1963-90 

1963-72 

:  1972-83 

1983-90 

1963-72 

1972-83 

:  1983-90 

1 

0 

0 

0 

1,080 

1.080 

1,080 

26,000 

31,000 

30,000 

2 

1,000 

2,000 

2,000 

1,050 

1,050 

1,050 

25,000 

28.000 

28,000 

3 

1,000 

2,000 

2,000 

1.015 

1,000 

1,000 

25,000 

26.000 

26,000 

U 

1,000 

1,000 

1,000 

965 

9'*5 

9^5 

2U,000 

25.000 

25.000 

5 

1,000 

2,000 

2,000 

925 

905 

905 

23,000 

23,000 

23,000 

6 

6,000 

10,000 

10,000 

770 

71*5 

71*5 

237,000 

275.000 

273,000 

7 

8,000 

17,000 

17,000 

710 

665 

670 

229,000 

258.000 

256,000 

8 

0 

0 

0 

675 

630 

630 

188,000 

205.000 

203,000 

9 

8,000 

18,000 

19,000 

605 

61*5 

550 

180,000 

187.000 

181*, 000 

10 

15,000 

ll*,000 

114,000 

51*0 

1*70 

1*75 

165,000 

173.000 

170,000 

11 

11,000 

29,000 

29,000 

1*35 

385 

1*00 

157,000 

103,000 

95,000 

12 

0 

0 

0 

kl3 

380 

395 

11*6,000 

71*, 000 

66,000 

13 

0 

0 

0 

1*10 

380 

390 

83.000 

37.000 

30,000 

14 

10,000 

16,000 

16,000 

1*1*5 

1*15 

1*25 

107.000 

110,000 

105.000 

15 

5,000 

16,000 

16,000 

1*90 

1*70 

U75 

U7.000 

126,000 

121,000 

16 

11,000 

5,000 

6,000 

530 

520 

520 

122,000 

11+2,000 

137.000 

17 

8,000 

16,000 

16,000 

580 

1*65 

U70 

133,000 

11*7,000 

11*3,000 

18 

20,000 

18,000 

18,000 

550 

1*1*0 

1*1*5 

21*6,000 

292.000 

290,000 

19 

5,000 

8,000 

8,000 

555 

1*1*5 

1*1*5 

26,000 

30.000 

30,000 

20 

10,000 

10,000 

10,000 

570 

1*65 

1*70 

20,000 

27,000 

27.000 

21 

12,000 

15,000 

15,000 

650 

580 

585 

12,000 

11,000 

11,000 

22 

2,000 

10,000 

10,000 

325 

3h5 

350 

-  8,000 

-  7,000 

-  7,000 

23 

2,000 

5,000 

5,000 

335 

31*5 

355 

-  13,000 

-  15,000 

-  15,000 

2U 

12,000 

17,000 

17,000 

350 

350 

360 

23,000 

25,000 

25.000 

25 

9,000 

13,000 

13,000 

365 

355 

365 

29,000 

38,000 

38.000 

26 

0 

0 

0 

395 

370 

385 

1*1,000 

53,000 

53.000 

27 

29,000 

U5,000 

1*7,000 

270 

275 

270 

37,000 

-  6,000 

0 

28 

15,000 

20,000 

22,000 

270 

275 

275 

78,000 

3i*,ooo 

39,000 

29 

0 

0 

0 

275 

285 

285 

79.000 

39,000 

1*1*. 000 

30 

20,000 

25,000 

30,000 

270 

275 

270 

91.000 

56,000 

61,000 

31 

16,000 

20,000 

2l*,000 

270 

275 

270 

100,000 

69,000 

71*, 000 

32 

5,000 

7,000 

8,000 

295 

330 

335 

100,000 

69,000 

71*. 000 

33 

0 

0 

0 

300 

330 

31*0 

30,000 

1*2,000 

1*1*  ,000 

3't 

K),000 

12,000 

12,000 

315 

31*0 

31*5 

1,000 

-  3,000 

-  3.000 

35 

0 

0 

0 

300 

335 

31*5 

-  lit, 000 

-  23,000 

-  25,000 

36 

1,000 

10,000 

10,000 

275 

325 

335 

13,000 

28,000 

31,000 

37 

1,000 

5,000 

7,000 

21*0 

325 

330 

-  7,000 

3,000 

1,000 

38 

7,000 

32,000 

33,000 

235 

315 

320 

-  23,000 

17,000 

-  23,000 

39 

15,000 

18,000 

18,000 

230 

310 

320 

28,000 

51.000 

56,000 

Uo 

2,000 

8,000 

8,000 

315 

335 

350 

28,000 

11*, 000 

16,000 

Ul 

0 

12,000 

11*, 000 

320 

31*0 

355 

33,000 

21,000 

21*. 000 

U2 

11,000 

7,000 

7,000 

280 

3M0 

350 

29,000 

18,000 

17.000 

•♦3 

0 

0 

0 

31*0 

31*0 

365 

39,000 
U.ooo 

30,000 

29,000 

UU 

6,000 

8,000 

6,000 

355 

31*0 

370 

3,000 

7,000 

"♦5 

12,000 

20,000 

20,000 

360 

3U5 

370 

27,000 

13,000 

15,000 

k6 

U.ooo 

'♦,000 

3,000 

370 

350 

375 

26,000 

3,000 

5,000 

kl 

3,000 

8,000 

10,000 

380 

355 

380 

25,000 

-  1,000 

-  2,000 

"♦8 
U9 

2,000 

'♦,000 

5,000 

395 

370 

385 

22,000 

50,000 

51,000 

9,000 

12,000 

25,000 

335 

305 

355 

15,000 

18,000 

18,000 

50 

10,000 

15,000 

12,000 

31*5 

31*0 

365 

31,000 

17,000 

22,000 

51 

37.000 

1*6,000 

1*7,000 

31*5 

31*0 

365 

33,000 

25,000 

30,000 

52 

10,000 

12,000 

12,000 

350 

355 

380 

63,000 

37,000 

36,000 

53 

1,000 

2,000 

3,000 

3U5 

385 

1*00 

63,000 

6,000 

ll*,000 

54 

1,000 

2,000 

3,000 

3U5 

395 

1*10 

53,000 

0 

7,000 

55 

2,000 

5,000 

10,000 

3l»5 

1*05 

1*15 

1*7,000 

21*, 000 

12,000 
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CONNECTOR  TAXEOUTS,  HYDRAULIC  GRADE  LINE  ELEVATIONS 

AND  PIIELIME  FLOWS  RESULTING  FROM  MAXIMUM  DELIVERY  BY  THE 

PRIMARY  DISTRIBUTION  SYSTEM 

(continued) 


Takeout  at  connector,        : 

HydTEUilio 

grade  line  eleva- 

Flov 

in  pipellneb.^ 

Code 

in  gallons  per 

minute       : 

tion  at  connector. 

in  feet 

in  gallonfi  per 

ninute 

number* 

1963-72 ': 

1972-83  ! 

1963-90  : 

1963-72  ; 

1972-83 

.  1983-90 

1963-72 

.  1972-83 

:  1963-90 

• 

56 

5,000 

51,000 

51,000 

31*5 

1*10 

1*10 

33,000 

6,000 

22,000 

57 

(   ... 

dumy  connection 

...  ) 

33,000 

6,000 

22,000 

58 

0 

0 

0 

Hoo 

ItOO 

1*15 

70,000 

1*2,000 

23,000 

59 

aU.ooo 

28,000 

32,000 

1+70 

1*65 

1*65 

62,000 

63,000 

1*3,000 

60 

0 

0 

0 

590 

590 

590 

86,000 

67,000 

1*6,000 

61 

0 

0 

0 

632 

632 

632 

89,000 

71*, 000 

56,000 

6e 

0 

0 

0 

570 

570 

570 

90,000 

79,000 

61,000 

63 

8,000 

72,000 

72,000 

1*60 

1*05 

1*15 

ll*,000 

20,000 

-  19,000 

&* 

0 

0 

0 

830 

830 

830 

9,000 

12,000 

25,000 

65 

6,000 

10,000 

10,000 

660 

600 

600 

-  17,000 

-     8,000 

-  13,000 

66 

6,000 

12,000 

12,000 

600 

500 

505 

-     7,000 

7,000 

-     1,000 

67 

7,000 

21,000 

21,000 

305 

31*5 

351 

30,000 

53,000 

1*6,000 

68 

0 

0^ 

0^ 

285 

325 

335 

8,000 

-  20,000 

-  18,000 

69 

0 

35,000'! 

33,000'i 

280 

280 

280 

7,000 

-  22,000 

-   21,000 

70 

3,000 

l+.OOO 

5,000 

235 

325 

330 

6,000 

-   2l*,000 

-  23,000 

71 

6,000 

7,000^ 

7,000^ 

235 

31*0 

350 

6,000 

-  21*, 000 

5,000 

72 

1*7,000 

U7,000 

33,000^ 

235 

31*0 

350 

1*,000 

-   29,000 

-    5,000 

73 

0 

0 

0 

31*5 

1*15 

1*15 

1*,000 

16,000 

16,000 

7^ 

0 

0 

0 

3^5 

1*15 

1*15 

0 

-  35,000 

-  35,000 

75 

0 

0 

0 

31*5 

1*00 

1*15 

1*7,000 

1*5,000 

JK3,000 

76 

5,000 

8,000 

18,000 

31*0 

315 

395 

(    . . .     Dunny  Pipeline      . . .    ) 

T7 

8,000 

10,000 

1*20 

1*25 

1*7,000 

1*5,000 

1*0,000 

78 

8,000 

10,000 

1*10 

1*15 

71,000 

73,000 

73,000 

79 

8,000 

10,000 

1*05 

U15 

-  21,000 

-  21,000 

-   21,000 

80 

0 

0 

U25 

330 

93,000 

9i*,ooc 

93,000 

a 

167,000 

166,000 

82 

161,000 

160,000 

83 

161,000 

160,000 

8U 

-    18,000 

-    16,000 

85 

-    10,000 

6,000 

86 

-      2,000 

U.OOO 

87 

136,000 

13l*,000 

88 

68,000 

68,000 

89 

31,000 

28,000 

90 

52,000 

56,000 

91 

21,000 

28,000 

92 

76,000 

86,000 

^ 

107,000 

98,000 

9^ 

23,000 

21,000 

95 

-   61,000 

96 

(    . . .       Dumny  Pipeline      . . .    ) 

a. 
b. 


c. 
d. 


See  Plate  1?  for  system  code;  code  numbers  81  through  96  for  pipelines  only. 

Direction  of  flow  is  determined  through  the  use  of  a  sign  convention  in  which  all  westerly  and  south- 
erly flows  are  positive,  easterly  and  northerly  flows  are  negative.  The  direction  of  flows  througl 
slanted  pipelines  are  shown  in  Plate  17.  The  systsn  n^  shown  on  Plate  17  is  used  in  conjunc- 
tion with  the  sign  convention  to  determine  the  direction  of  flow  in  all  pipelines. 

The  pijjeline  flows  were  rounded  off  to  the  nearest  1,000  gpm. 

The  net  inflow  of  water  from  pipelines  38  and  90  into  Palos  Verdes  Reservoir  (Connector  69)  was  used 
to  directly  serve  the  Coastal  Plain.  The  new  inflows  for  the  1972-83  and  1983-90  distribution 
systems  are  35,000  gpm  and  33,000  gpm,  respectively. 

The  takeout  was  increased  by  18,000  gpm  to  give  an  adequate  supply  of  water  to  the  freshwater  barriit, 
system  along  the  coastal  area.  The  distribution  systems  can  deliver  this  increase  without  appreel: 
ably  lowering  the  pressiires  in  adjacent  nodes. 
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ATTACm.IENT  NO.    5 

FORMJLATION  AITO  VERIFICATION  OF  A  MATHEMATICAL 
lODEL  OF  THE  GROUND  VJATER  BASINS  OF  THE 
COASTAL  PLAIN  OF  LOS  ANGELES  COUIWY 


ATTACHMEaW  No.  5 


FORMUIATION  AND  VERIFICATION  OF  A  MATHEMATICAL  MODEL 

OF  THE  GROUND  WATER  BASINS  OF  THE 

COASTAL  PLAIN  OF  LOS  ANGEI£S  COUNTY 


Introduction 

The  successful  attainment  of  an  optimum  operating  plan  for  the 
ground  water  basins  of  the  Coastal  Plain  of  Los  Angeles  County  In  coordi- 
nation with  the  overlying  surface  distribution  and  storage  facilities 
required  a  "model"  that  could  reliably  simulate  the  complex  hydraulic 
properties  of  the  ground  water  basins.  A  cursory  study  in  the  early 
stages  of  this  investigation  indicated  that  a  mathematiceuL  model  properly 
formulated  and  verified  on  a  differential  analyzer  (analog  computer) 
would  be  an  Invaluable  tool  to  obtain  the  Information  required  for  subse- 
quent operational  studies.  Specifically,  a  reliable  model  was  needed  to 
determine  water  level  responses  at  various  locations  in  the  Coastal  Plain 
for  planned  replenishments  and  extractions  of  varying  amounts  and  locations. 

Information  on  water  level  responses  translated  to  puniping  lifts, 
changes  in  the  amounts  of  ground  water  in  storage,  and  subsurface  flow 
rates  between  various  areas  was  needed  to  determine  the  nuniber  of  facil- 
ities required  to  execute  each  alternative  plan,  and  the  costs  of  their 
construction,  operation,  and  maintenance. 

In  the  fall  of  1959,  a  computation  firm  in  Los  Angeles  offered 
the  use  of  its  general  purpose  analog  computer  system,  at  no  cost  to  the 
State,  to  solve  a  problem  of  statewide  significance.  The  purpose  of  this 
offer  was  to  demonstrate  the  cai)acity  and  applicability  of  its  computer 
system.  The  State  accepted  the  offer,  and  integrated  the  role  of  the 
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computation  firm  into  a  program  to  formulate  and  verify  a  mathematical 
model  of  the  groimd  water  basins  in  the  Coastal  Plain  of  Los  Angeles 
County. 

As  shown  on  Plate  l8,  the  Coastal  Plain  includes  Central 
Basin,  West  Coast  Basin,  Santa  Monica  Basin,  and  Hollywood  Basin.  The 
region  is  located  in  the  southwest  portion  of  Los  Angeles  Coxmty.  It 
has  a  total  area  of  about  625  square  miles  and  the  portion  considered 
as  the  ground  water  reservoir  has  an  area  of  about  k8o   square  miles. 

Procedures  to  formulate  and  test  a  mathematical  model  of  the 
Coastal  Plain  or  any  other  groxind  water  basin  on  the  differential  analyzer 
were  not  available  in  the  early  steiges  of  this  investigation.  Consequently, 
a  program  was  immediately  implemented  to  develop  the  procedures  concvir- 
rently  with  the  conduct  of  the  geologic  and  hydrologic  phases  of  the 
investigation.  The  establishment  of  the  new  procediares  in  obtaining  a 
reliable  mathematical  model  required  full  utilization  of  the  technical 
disciplines  related  to  hydrology,  geology,  hydraulics,  mathematics,  and 
electronics. 

As  anticipated,  the  formulation  and  verification  of  the  mathe- 
matical model  required  extensive  simplification  of  the  complex  elements 
of  the  prototype,  in  order  to  handle  all  facets  of  the  program  within  the 
framework  of  the  available  eqiiipment  and  time. 

The  following  detailed  discussion  describes  the  formulation  of 
a  much  simplified  mathematical  model  of  the  complex  ground  water  basins 
of  the  Coastal  Plain,  and  the  verification  of  this  model  on  a  general 
purpose  analog  computer  that  successfully  simulated  the  historical  ground 
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water  conditions.  The  subsequent  use  of  the  verified  mathematicaJ.  model 
as  a  tool  to  obtain  operational,  data  is  presented  in  Attachment  No,  6, 
"Development  and  Superpositioning  of  Master  Influence  Functions". 

General  Method 
In  formulating  and  verifying  the  mathematical  model,  a  general 
method  evolved  that  could  be  adapted  with  ease  to  similar  investigations 
of  any  size  ground  water  basin,  •vrtiether  situated  in  other  parts  of 
CaJJLfomia  or  other  parts  of  the  world.  General  steps  of  this  method 
follow: 

1.  A  generalized  ground  water  equation  was  derived  that  defines 
storage,  transmissive,  and  water  inflow- outflow  characteristics.  Also, 

an  electrical  circuit  equation  analogous  to  the  general  ground  water  equa- 
tion was  derived  for  adaptation  on  a  general  pxrrpose  analog  computer. 
These  equations  are  applicable  to  any  unit  area  of  any  ground  water  basin. 

2.  A  set  of  assumptions  was  made  within  the  framework  of  the 
equation,  the  geologic  and  hydrologic  data,  and  the  analog  computer  system. 

3.  The  entire  Coastal  Plain  was  subdivided  into  subaxeas  called 
polygons  by  \ising  the  Thiessen  Method  of  polygon  construction.  The  layers 
of  aquifers  underlying  the  Coastal  Plain  were  converted  into  one  represent- 
ative "equivalent  aquifer". 

h.     Geologic  data  were  analyzed  and  the  transmissive  factor 
between  polygons  and  storage  factor  within  each  polygon  were  estimated. 

5.  Historical  surface  hydrologic  data  were  analyzed  and  the 
surface  inflow- outflow  factors  at  each  polygon  were  estimated  for  each 
year  in  the  period  19k6-k'J   through  I956-5T.  Also,  hydrographs  of 
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representative  ground  water  level  fluctuations  during  the  same  period 
were  prepared  for  each  polygon,  based  on  historical  information  of  ground 
water  level  elevations. 

6.  A  circuit  diagram  wets  drawn  illustrating  the  electrical 
components  of  the  analog  computer  and  their  interconnections.  Using 
this  diELgram,  patch  panels  of  the  analog  computer  were  wired. 

7-  The  circuitry  of  the  analog  computer  and  the  proper  initial 
settings  of  the  transmissive,  storage,  and  surface  inflow-outflow  factors 
in  the  computer  were  checked,  using  dynamic  and  equilibriim  check  tech- 
niques developed  in  this  program.  Precalculated  water  level  elevations 
for  each  polygon  were  used  in  the  dynamic  check  of  the  analog  computer. 

8.  The  output  of  the  analog  computer,  with  initial  estimates 
of  transmissibility,  storage,  and  surface  inflow-outflow  factors,  was 
used  to  verify  the  mathematical  model.  The  water  level  elevations  gen- 
erated by  the  ccxaputer  were  plotted  by  using  X-Y  plotters  attsiched  to  the 
analog  computer  and  these  responses  were  compared  with  the  hydrographs  of 
historical  water  level  elevations  of  the  gro\ind  water  basins.  The  matching 
of  the  historical  water  levels  was  effected  by  making  reasonable  adjust- 
ments to  the  values  of  the  transmissibility,  storage,  and  surface  inflow- 
outflow  factors. 

Derivation  of  Principal  Equation 
The  principal  ground  water  equation  and  its  analogous  electrical 
circuit  equation  for  adaptation  to  the  analog  computer  were  derived  in 
this  study.  The  continuity  equation  and  Darcy's  equation  were  used  to 
derive  a  differential  equation  that  defines  the  storage  and  movement  of 
ground  water  for  any  unit  area  in  the  zone  of  satiiration  of  a  ground  water 
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basin.  A  set  of  these  differential  equations,  covering  all  the  subareas 
of  the  Coastal  Plain,  and  with  the  proper  coefficients  of  storage  and 
transmissibility,  is  referred  to  as  the  mathematical  model  of  the  Coastal 
Plain. 

The  general  continuity  equation  as  used  in  ground  water  flow 
is: 

Inflow  -  Outflow  =  +  Change  in  Storage  (l) 

or 
Net  Subsurface  Flow  +  Net  Surface  Flow  =  +  Change  in  Storage 
The  specific  equation  used  in  computing  the  amount  of  subsur- 
face flow,  based  on  Darcy's  law  is: 

Q  =  PAI  or  TWI  (2) 

where:    Q  is  the  subsurface  flow  of  ground  water, 
P  is  the  permeability, 
A  is  the  gross  saturated  area, 

I  is  the  slope  of  the  water  table  or  piezometric  surface, 
depending  upon  the  type  of  aquifer,  at  the  desired 
location, 
T  is  the  transmissibility.  and  is  equal  to  P  times  the  depth  of 

saturated  sediments,  and 
W  is  the  width  through  which  the  ground  water  moves. 
The  combination  of  equations  (l)  and  (2)  for  any  general  unit 
area  within  the  groxind  water  basin  yields: 


^i 


dhg 


h%  =  Vb  dF         (3) 
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where:    hg   =  representative  ground  water  level  (head), 
in  feet,  of  the  general  unit  area  B. 
hj^   =  representative  ground  water  level,  in  feet,  of  a 

unit  area  adjacent  to  area  B. 
Lj^  g  =  distance,  in  feet,  between  the  nodal  points  of 
areas  B  and  i.  Therefore,  (h^^  -  hg)/Lj^  g  is  an 
average  slope  of  a  ground  water  surface  between  the 
unit  areas  B  and  i, 
T.  T,  =  representative  transmissibility  between  areas  B 
and  i,  in  acre-feet  per  year  per  foot  of  width. 
Wi,B  =  vidth,  in  feet,  through  which  the  subsiirface 

flow  occurs  between  areas  B  and  i. 
Ag   =  area,  in  acres,  of  general  unit  area  B. 
Q_   =  rate  of  net  surface  inflow  and  outflow,  in 
acre-feet  per  year  per  acre  of  general  unit 
area  B. 
Sg   =  representative  specific  yield  of  sediments 

in  general  area  B. 
t    =  time,  in  years. 

As  shown  on  Figure  5-1,  a  general  unit  area  is  expressed  by 
subscript  B  and  all  surrounding  unit  areas  are  subscripted  i.  The  first 
term  of  the  left-hand  member  of  equation  (3)  is  a  siimmation  of  subsurface 
flows  between  area  B  ajid  its  surrounding  areas  i.  The  net  surface  flow 
into  or  from  area  B  is  given  by  the  second  term  of  the  left-hand  member 
and  a  change  in  storage  is  given  by  the  right-hand  member  of  the  equation. 
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FIGURE    5-1 
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As  stated  previously,  the  mathematical  model  of  the  Coastal 
Plain  is  composed  of  a  set  of  differential  equations  (one  for  each 
polygon  area)  with  proper  storage  and  transmissibility  factors.  In 
equation  (3),  the  TW/l  is  the  transmissibility  factor,  AS  is  the  storage 
factor,  and  AQ  is  the  surface  inflow- outflow  factor.  Determination  of 
the  quantitative  values  of  these  factors  is  discussed  in  later  sections 
of  this  attachment. 

The  physical  characteristics  of  a  ground  water  basin  can  be 
compared  to  the  characteristics  of  various  electronic  components  within 
a  computer.  These  characteristics  can  be  directly  related  to  the  elec- 
tronic components  by  means  of  simple  equations.  In  turn,  by  these  equa- 
tions, the  flow  of  groiind  water  in  the  basin  can  be  compeared  to  flow  of 
electricity  within  the  computer  as  it  is  affected  by  the  components 
therein.  The  transmissibility  of  the  aquifer  is  analogous  to  electrical 
conductivity,  the  specific  yield  of  the  basin  is  analogous  to  the  capac- 
itance, and  the  difference  in  head  or  ground  water  levels  caiising  water 
to  flow  is  analogous  to  the  difference  in  voltage  causing  electrical 
current  to  flow. 

The  schematic  sketch  presented  on  Figure  5-1  illustrates  the 
anaJ-ogy  between  the  basic  ground  water  equation  describing  the  movement 
and  storage  of  gro\ind  water  in  an  idealized  unit  area  B  and  an  electrical 
circuit  equation. 
The  electricaJL  equation  analogous  to  equation  (3)  is: 

©T  ~  e-n  de-D  ,,  , 

^i  (^-^)  ^h-^BW  ^'^ 

i,B 
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where:    eg   =  the  voltage  at  node  B  (general  area  B) 

representing  the  ground  vater  elevation  h^; 
e^   =  the  voltage  at  node  i  (adjacent  areas  to 
general  area  B)  representing  the  ground 
water  elevation  h.; 
R.  T3  =  the  resistance  to  flow  of  current  between 

node  B  and  node  i;  it  is  the  inverse  of  the 
transmlssibility  factor,  T,  ,  W.  _/l.  _; 
Ig   =  the  net  current  into  node  B  representing 
the  surfaxie  inflow-outflow  factor,  A^Q^; 
C-   =  the  capacitance  at  node  B  representing  the 

storage  factor,  A_S_; 
6    =  the  electrical  time  representative  of  time  t. 
In  this  equation,  the  general  area  B  is  replaced  by  nodal  point  B,  which 
serves  as  a  connecting  point  for  all  electrical  circuits  in  the  analog 
computer. 

Note  again  that  the  values  of  w/L,   AS,  and  AQ  in  the  principal 
equation  are  directly  related  to  the  values  of  R,  C,  and  I,  respectively, 
by  scale  factors.  The  equations  showing  these  relationships  are  given 
here: 

^i,B  =  (?)  T  V  (5) 

'      1   i,B  i,B 

^B  =  ^3  ^-q^   ^B^B  (6) 

^B  =  (^1>  A3Q3  (T) 
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Figure   5-2 
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where:    a^^  =  ciarrent  scale  factor  in  micro- ampere s/acre- feet/year, 

a2  =  voltage  scale  factor  in  volts/foot, 

a-3  =  time  scale  factor  in  computer  seconds/year. 

As  later  described,  the  electricaJL  equivalents  of  transmlssi- 
bility  (Rj_  g)  and  storage  (Cg)  are  set  into  the  analog  computer  by  means 
of  potentiometer  dials.  The  values  of  surface  inflow- outflow  (ig),  which 
vary  with  time,  are  introducted  by  means  of  diode  function  generators. 
The  surface  inflow- outflow  factor  at  each  node  consists  of  10  straight 
line  segments . 

A  typical  Pace  23I-R  general  purpose  analog  computer  used  in 
this  study  is  shown  on  Figure  5-2.  A  discussion  of  the  electronic  compo- 
nents and  their  internal  operation  is  not  within  the  scope  of  this 
attachment . 

Assumptions  Used  in  Formulation 
In  the  formulation  of  the  mathematical  model  the  following 
assumptions  were  made: 

1.  A  single  equivalent  aquifer  can  be  substituted  for  the 
complex  system  of  aquifers  in  the  Coastal  Plain.  The  equivalent  aquifer 
is  a  composite  of  the  properties  of  the  several  actual  aquifers.  The 
deeper  aquifers  of  the  Pliocene  age  were  not  included  in  the  equivalent 
aquifer  because  of  the  relatively  small  amount  of  ground  water,  if  any, 
that  has  been  extracted  from  these  aquifers  in  the  past. 

2.  The  impervious  bedrock  found  in  the  surrounding  hills  in 
the  north  and  northeast  parts  of  the  basin  does  not  supply  a  significant 
amount  of  ground  water  to  the  equivalent  aquifer. 
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3.  Along  Santa  Monica  Bay  and  adjacent  to  Los  Alaraitos  Gap, 
the  ocean  is  in  hydraulic  continuity  with  the  equivalent  aquifer.  The 
ground  water  level  elevation  at  the  seacoast  will  be  held  constantly  at 
sea  level. 

k.     Along  San  Pedro  Bay,  the  ocean  is  not  in  hydraulic  continu- 
ity with  the  equivalent  aquifer.  This  was  assumed  even  though  the  Recent 
aquifer  is  actually  in  contact  with  the  ocean.  However,  ground  water 
extractions  from  the  Recent  aquifer  are  considered  to  be  insignificant 
and  extractions  from  this  aquifer  do  not  affect  the  water  level  elevations 
in  the  heavily  pumped  deeper  aquifers . 

5 .  The  water  level  elevation  at  the  upper  end  of  the  Whittier 
Narrows  is  fixed  at  I90  feet. 

6.  The  major  faults  in  the  Coastal  Plain  act  as  complete  or 
partial  barriers  to  the  movement  of  ground  water  as  indicated  by  the 
geologic  investigation. 

T.  The  transmissibility  factor  (tw/l)  and  storage  factor  (AS) 
do  not  vary  with  time  or  with  ground  water  level  elevations. 

Determination  of  Control  Nodes  and  Their  Polygons 
The  equivalent  aquifer  of  the  entire  Coastal  Plain  was  divided 
into  subareas  called  polygons.  In  the  analog  computer,  each  polygon  was 
represented  by  a  node.  In  this  study,  the  number  of  control  nodes  and 
polygons  was  mainly  limited  by  the  number  of  electrical  components  avail- 
able at  a  computation  firm  in  Los  Angeles.  At  that  time,  about  250  ampli- 
fiers and  inverters,  U35  potentiometers,  and  38  time-dependent  diode 
function  generators  were  available  in  veirious  computers  for  use  in  this 
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program.  A  system  with  82  control  nodes  was  developed  with  the  available 
eqviipraent.  This  equipment  was  housed  in  three  separate,  but  interconnected, 
computers  of  various  sizes. 

The  determination  of  locations  of  the  82  nodes  was  based 
primarily  on  water  level  elevations  at  various  locations  in  the  basin. 
These  levels  are  affected  by  the  location  and  amount  of  replenishment 
and  extraction  and  by  the  veuLue  of  transmissibility  and  specific  yield 
at  various  locations.  The  number  of  nodes  was  increased  in  areas  where 
water  level  elevations  changed  rapidly,  and  nodes  were  located  farther 
apart  in  areas  where  water  level  elevations  changed  more  slowly.  This 
approach  in  locating  control  nodes  is  believed  to  have  provided  better 
overaJJL  results. 

The  polygon  area  represented  by  each  node  was  determined  by 
intersecting  the  perpendicular  bisectors  of  lines  connecting  nodes  in  the 
same  manner  that  the  Thiessen  polygon  is  prepared.  The  number  of  sides 
of  the  polygon  is  not  important.  However,  the  nodes  were  located  so  that 
no  interior  angle  of  a  triangle  formed  by  lines  connecting  nodes  was 
greater  than  90  degrees.  The  locations  of  the  82  nodes  and  the  polygon 
areas  are  shown  on  Plate  l8. 

In  9  of  the  82  nodes,  water  level  elevations  were  not  varied 
with  time.  Eight  of  these  nine  nodes  were  located  at  Santa  Monica  Bay 
and  Alamitos  Bay,  and  the  elevations  of  these  nodes  were  fixed  at  mean 
sea  level  to  represent  the  elevation  of  the  ocean.  One  node  at  the 
upper  end  of  Whittier  Narrows  was  held  at  a  constant  elevation  of  190 
feet. 
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Determination  of  Transmlssibility 
and  Storage  Factors 

Results  from  the  comprehensive  geologic  investigation  of  the 
Coastal  Plain  were  evaluated  to  estimate  the  values  of  transmissive  and 
storage  faictors  of  the  aquifers.  Some  5,000  drillers'  logs  of  water  and 
oil  wells  scattered  throughout  the  area  were  analyzed  to  delineate  11 
major  water-producing  zones  in  various  portions  of  the  Coastal  Plain. 
These  aquifers  are  separated  in  certain  areas  by  fine-grained  sediments, 
silts  and  clays,  and  they  are  merged  in  other  areas.  Specific  yield  and 
transmlssibility  values  were  assigned  to  all  water-beeiring  sediments. 
These  values  were  used  as  the  first  estimates  of  the  coefficients  of 
storage  and  transmlssibility  in  the  set  of  differential  equations  that 
make  up  the  mathematical  model  of  the  Coastal  Plain. 

As  mentioned  before,  the  complex  aquifer  network  of  the  study 
area  was  represented  by  a  single  equivalent  aquifer.  The  transmlssibility 
factor  (TW/l),  which  affects  the  subsurface  flow  between  two  nodes  of  the 
equivalent  aquifer,  was  estimated  by  the  following  procedure: 

1.  Maps  showing  lines  of  equal  transmlssibility  (t)  were 
prepared  for  each  aquifer. 

2.  The  average  transmlssibility  value  at  the  northeast  comer 
of  each  section  (an  arbitrary  starting  point)  was  estimated  for  each  of 
the  aquifers  by  interpolating  between  contour  lines  of  equal  transmlssi- 
bility values. 

3.  Each  average  transmlssibility  value  at  a  particular  north- 
east section  comer  was  added  to  estimate  a  total  transmlssibility  value 
for  the  equivalent  aquifer. 
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h.     These  total  transmissibility  values  were  plotted  on  a  map, 
and  lines  of  equal  average  total  transmissibility  were  drawn  for  the 
equivalent  aquifer. 

5.  From  this  map,  the  values  of  transmissibility  (t)  of  the 
equivalent  aquifer  were  estimated  at  the  midpoint  of  the  line  connecting 
any  two  nodes. 

6.  The  transmissibility  value  (t)  was  multiplied  by  the  width 
(w)  of  the  perpendicular  bisector  of  each  line  connecting  the  two  nodes, 
and  was  divided  by  the  length  (l)  of  the  line  connecting  the  two  nodes 
to  obtain  the  transmissibility  factor  (TW/l) .  A  map  showing  TW/L  values 
for  the  equivalent  aqurfer  is  shown  on  Plate  19.  The  transmissibility 
factor  was  assumed  constant  with  time  or  water  level  elevations. 

The  storage  factor  (AS)  is  a  measure  of  the  storage  characteris- 
tics of  the  equivalent  aquifer  for  each  poly-^on.  This  factor  is  the  prod- 
uct of  the  area  of  the  polygon  times  the  average  specific  yield  of  the 
water-bearing  sediments  within  that  area.  The  values  of  specific  yield 
used  in  this  study  were  principally  based  on  information  obtained  from 
previous  studies,  such  as  information  in  Department  of  Water  Resovirces 
Bulletin  No.  45,  and  the  San  Fernando  Valley  Reference  Report  of  Referee. 
Also,  additional  information  was  ob.tained  during  a  recent  geologic  inves- 
tigation of  the  Coastal  Plain.  The  storage  factor  at  each  control  node 
polygon  was  estimated  by  the  following  procedure: 

1.  A  map  showing  the  areal  extent  of  the  dewatering  of  the 
aquifers  in  19UT  and  1957  was  prepared.  A  line  was  drawn  to  denote  the 
average  areal  extent  of  dewatering  from  19li-T  through  1957.  For  the  area 
outside  this  line  where  no  change  in  storage  occurred,  the  storage  factor 
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was  assumed  to  be  zero.  The  significance  of  the  period  19^7  through  1957 
is  that  the  mathematical  model  was  verified  with  historical  water  level 
elevations  fran  I9U7  through  1957- 

2.  A  map  showing  lines  of  equal  average  specific  yield  (s)  was 
prepared  for  that  portion  of  the  eq\iivBJ.ent  aquifer  where  changes  in  stor- 
age took  place.  From  this  map,  the  average  specific  yield  value  was  deter- 
mined for  each  polygon  where  storage  change  occurred. 

3.  The  average  area  (a)  of  each  polygon  in  which  changes  in 
storage  occurred  was  determined. 

k.     The  average  specific  yield  value  (S)  of  each  nodal  polygon 
was  multiplied  by  the  area  (A)  of  the  corresponding  nodal  polygon  to  deter- 
mine the  storage  factor  (AS).  A  map  showing  the  storage  factor  for  each 
polygon  for  the  equivalent  aquifer  is  presented  on  Plate  I8.  This  stor- 
age factor  was  assumed  constant  with  time  and  changes  in  water  level. 

Preparation  of  Historicsil  Surface  Inflow- 
Outflow  and  Water  Level  Data 

Historical  data  on  replenishment  to,  extraction  from,  and  water 

level  elevations  in  the  aquifers  in  the  area  of  investigation  were  prepared 

for  use  in  verifying  the  mathematical  model.  The  amount  of  the  annual  net 

surface  flow  into  and  out  of  each  polygon  was  determined  for  the  11-year 

period  from  19U6-U7  through  1956-57,  this  being  the  period  for  which  most 

reliable  hydrological  data  were  readily  available.  Most  of  these  data  were 

compiled  in  the  hydrologic  studies  of  the  Coastal  Plain. 

The  net  amount  of  the  deep  percolation  to,  and  the  extractions 

from,  the  equivalent  aquifer  makes  up  the  surface  inflow-outflow  factor 

(AQ).  In  addition,  the  annual  subsurface  flow  into  or  out  of  each  boundary 

node  along  the  Los  Angeles  Co\inty-Orange  County  line  was  determined  and 

included  with  the  net  amount  of  suinual  siirface  inflow-outflow  at  the 
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corresponding  node.  The  following  procedure  was  used  to  determine  the 
amounts  of  annual  surface  inflow- outflow  and  the  historicaJ.  water  level 
at  each  polygon  during  the  11- year  period  from  1946-1947  throvigh 
1956-1957: 

1.  A  basin- wide  inventory  was  made  of  the  annuaJ.  amoimts  of 
each  of  the  components  of  water  supply,  use,  and  disposal.  Then  the 
annual  surplus  or  deficiency  in  water  supply  was  determined  for  the  entire 
basin  by  summing  the  contributions  of  all  the  components.  The  components 
of  inflow  were  precipitation,  import,  stream  percolation,  artif iciaJ. 
recharge,  and  subsurface  inflow  across  the  Los  Angeles  Narrows  and 
Whittier  Narrows.  Components  of  outflow  were  consumptive  use  of  applied 
water  and  precipitation,  sewage,  siirface  runoff  originating  in  and  flow- 
ing out  of  the  area,  and  subsurface  outflow  across  the  Los  Angeles- 
Orange  county  line. 

2.  Historical  groimd  water  level  hydrographs  for  the  period 
1947  through  1957  were  developed  for  each  nodal  polygon.  The  annual 
change  in  the  amount  of  ground  water  in  storage  in  each  polygon  was  deter- 
mined by  multiplying  the  annual  change  in  historical  water  level  elevation 
(dh)  with  the  storage  factor  (AS)  associated  with  the  corresponding  nodal 
polygon.  A  basin- wide  annual  change  in  storage  was  estimated  by  summing 
the  changes  in  storage  of  all  the  polygons. 

3.  The  annual  water  supply  surplus  or  deficiency  and  the  total 
annual  change  in  storage  were  compared  and  balanced  by  using  the  basic 
hydrologic  equation.  In  general,  this  balance  was  achieved  by  making 
reasonable  changes  in  the  values  of  specific  yield  and  in  the  amounts  of 
some  of  the  components  of  water  supply,  use,  and  disposal. 
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k.     The  total  annual  amounts  of  each  of  the  items  of  water 
supply  inflow  or  outflow  were  then  distributed  to  subareas  in  the  manner 
indicated  as  follows: 

a.  Records  of  measured  annual  precipitation  of  selected 
stations  within  the  basin  were  obtained,  and  by  the 
use  of  the  Thiessen  Method,  polygons  were  constructed 
and  the  annual  volume  of  rainfall  within  each  polygon 
was  determined; 

b.  The  consumptive  use  of  applied  water  and  precipitation 
was  distributed  to  subdivisions  utilized  in  the  land 
use  surveys  of  the  Coastal  Plain  in  1950  and  1955* 
These  subdivisions  were  adopted  for  distribution  of 
several  other  components  of  water  supply  and  use; 

c.  rfeasured  amounts  of  imports  were  distributed  in  the 
same  ratio  as  the  computed  percentage  of  total  water 
delivered  to  each  land  use  survey  subdivision; 

d.  Ifeasured  annual  amounts  of  sewage  were  distributed 
in  the  same  ratio  as  the  computed  percentage  of  the 
total  water  delivered  to  (mintis  the  consvmiDtive  use 

of  applied  water  from)  the  land  use   survey  subdivisions; 

e.  The  annual  amoimts  of  stream  percolation  were  deter- 
mined for  each  reach  between  existing  stream  gaging 
stations; 

f .  The  records  of  annual  amounts  of  water  spread  and 
injected  in  each  artificial  recharge  project  were 
utilized;  and 

g.  Extractions  for  each  square  mile  section  were 
determined . 

5.  The  annual  amoiints  of  inflow  or  outflow  of  each  component 
were  further  distributed  to  or  accumulated  in  eax;h  nodal  polygon,  by 
utilizing  the  data  mentioned  in  step  h. 

6.  The  annual  net  surface  inflow- outflow  was  determined  for 
each  nodal  polygon  by  taking  an  algebraic  sum  of  all  the  inflow  and  the 
outflow.  Graphs  of  the  annual  net  s\irface  inflow- outflow  at  each  nodal 
polygon  were  prepared. 


■202- 


T.  The  surface  inflow- outflov  curves  vere  corapaxed  and  similar 
curves  were  grouped  because  of  the  limited  number  of  function  generators 
and  amplifiers  available  to  impose  time- varying  inflow- outflow  functions 
upon  the  computer.  Thus,  type- curves  were  developed  for  each  group  of 
ciorves.  Eighteen  type-curves  were  utilized  in  this  st\idy  to  reproduce 
the  surface  inflow- outflow  characteristics  of  73  nodes  in  which  water 
levels  fluctuated.  An  example  of  the  computed  surface  inflow- outflow 
factor  for  node  11,  and  that  generated  by  the  diode  fiinction  generator 
through  the  use  of  a  type- curve  for  the  same  node  is  presented  on 
Figiire  5-3A. 

8.  By  using  historical  ground  water  hydrographs  developed  in 
step  2,  maps  showing  the  estimated  lines  of  equal  water  level  elevations 
at  the  beginning  (I9UT)  and  the  end  (1957)  of  the  study  period  were  pre- 
pared. Also,  these  historical,  average  water  level  elevations  of  the 
equivalent  aquifer  at  the  beginning  and  the  end  of  the  study  period  were 
tabulated  for  each  nodal  area. 

Preparation  of  Dynamic  Check  Data 
A  dynamic  check  was  incorporated  in  the  general  procedure  to 
check  the  wiring  of  the  analog  circuitry  representing  the  ground  water 
basins  of  the  Coastal  Plain;  the  setting  of  the  first  best  values  of  the 
surface  inflow- outflow  factors,  storage  factor,  and  transmissibility 
factors  associated  with  each  node  in  the  computer;  and  the  operation  of 
computer  components.  For  this  dynamic  check,  water  levels  of  all  nodes 
were  first  set  at  zero  elevation;  then,  a  surface  inflow-outflow  fiaiction 
at  a  particular  node  of  interest  was  imposed  upon  the  analog  computer 
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FIGURE    5-3 
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through  the  diode  function  generator  for  a  ten-year  period.  The  water 
level  of  the  node  of  interest  was  allowed  to  fluctuate  while  water  level 
elevations  at  aJJ.  remaining  nodes  were  held  at  zero  elevation.  Water 
level  responses  generated  by  the  computer  at  each  node  under  this  condi- 
tion had  to  match  a  set  of  water  level  elevations  that  were  independently 
precalculated  for  corresponding  nodes. 

The  equation  that  was  used  by  engineers  of  the  Department  of 
Water  Resources  to  precalculate  water  level  elevations  at  each  node  for 
this  dynamic  check  follows: 


h,  =  h^  +  R 
t    o 


(^t  -  ^o)  *  (^o  -  (^t  -  ^o)  f  -  r)(^  -  ^■*^'')] 


(8) 


where:  h^  and  h^  are  water  level  elevations  at  the  beginning  and 

at  the  end  of  a  time  interval  of  one  year; 
Iq  and  I^  are  a  net  siirf ace  inflow  or  outflow  at  the 
beginning  and  end  of  a  time  interval  of  one 
year; 

TW 
R  =  (W)  where  ■=—  is  a  transmissibility  factor; 

L"        ^ 
C  =  AS,  which  is  a  storage  factor; 

t  =  a  time  interval  in  years  (in  this  case,  one  year); 
e  =  2.718  (napierian  base). 
When  the  storage  factor  AS  or  C  is  zero,  equation  (8)  is 

ht  =  RIt  (9) 

By  using  equations  (8)  and  (9),  water  level  elevation  for  each 
of  the  ten  increments  of  time  were  precaJ-culated  for  given  values  of  W/l, 
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AS,  3J3  ,  and  ]^  .  Note  that  these  equations  describe  the  annual  water 
level  elevations  with  the  surface  inflow- outflow  factor  varying  according 
to  a  type-curve  associated  with  a  particular  node. 

As  a  part  of  the  dynamic  check,  the  water  level  elevations  were 
also  calculated  for  1  year  and  for  10  years  of  operation,  with  the  net 
surface  inflow- outflow  at  the  beginning  of  the  period  (l^)  held  constant 
over  the  10  years.  In  this  check  the  diode  function  generators  were  not 
in  operation.  Equations  (lO)  eind  (11),  which  follow,  were  used  to  pre- 
calculate  the  water  level  elevations  that  would  occur  under  this  condition 
at  1  year  and  10  years,  respectively,  for  each  node: 

\   =  RIq  (1  -  e-^/^^)  (10) 

\0t  =  ^^o  (^  -  e-loVRC)  (11) 

Graphs  of  the  precaJ-culated  water  level  elevations,  plotted  as 
a  function  of  time,  were  used  to  dynamically  check  the  curves  generated 
by  the  analog  computer.  An  example  of  the  precalculated  water  level 
elevations  of  node  11,  and  a  graph  generated  by  the  computer  for  the  same 
node  is  presented  on  Figure  5-3B. 

Wiring  and  Checking  the 
Model  on  the  Computer 

The  staTf  of  the  computation  firm  had  the  responsibility  of 

preparing  the  circuit  diagram  (programming  the  problem),  wiring  the  patch 

panel  to  connect  the  proper  electronic  components,  and  running  on  the 

analog  computer  a  dynamic  check  of  each  node  and  a  steady- state  check  of 

the  entire  analog  circiiitry.  Some  of  the  work  by  the  computation  firm 

was  done  conciarrently  with  the  preparation,  by  this  Department,  of  the 
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geologic  and  hydrologic  data,  and  close  coordination  was  maintained 
betveen  the  staffs  of  "both  agencies.  An  application  engineer  of  the 
computation  firm  was  informed  of  the  geology  and  the  hydrology  of  the 
Coastal  Plain  and  of  the  reliability  of  the  basic  geologic  data  incor- 
porated in  the  mathematical  model,  and  of  the  historical  hydrologic  data 
that  were  used  to  verify  the  model. 

The  basic  geologic,  hydrologic,  and  dynamic  check  data  required 
by  the  computer  application  engineer  were  provided  in  the  following  form: 

1.  A  map  showing  the  area  under  investigation  and  locations 
of  geologic  structures  significantly  affecting  the  storage  and  movement 
of  grovind  water; 

2.  A  reproducible  map  showing  the  location  of  the  82  control 
nodes  and  the  area  represented  by  each  node; 

3.  A  reproducible  map  showing  the  values  of  the  transmissi- 
bility  factor  (tw/l)  at  the  midpoint  of  each  line  connecting  the  nodes; 

k.     A  tabulation  of  the  values  of  the  storage  factor  (AS)  of 
each  polygon; 

5.  A  reproducible  set  of  type-curves,  and  a  tabulation  of 
type- curve  numbers,  amounts  of  inflow  or  outflow  at  the  start  of  the 
study  period,  and  a  type- curve  ordinate  multiplier  for  each  control  node 
point; 

6.  A  reproducible  set  of  historical  water  level  elevation 
hydrographs  of  ea^h  node  and  a  tabulation  showing  water  level  elevations 
at  the  beginning,  middle,  and  end  of  the  study  period  for  each  node;  and 

7.  A  copy  of  a  dynamic  check  computation  and  a  reproducible 
set  of  graphs  for  the  dynamic  check  of  the  anaJ-og  circuit. 
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Engineers  and  geologists  from  the  Department  of  Water  Resources 
aided  the  engineers  of  the  computation  firm  in  the  dynamic  check  of  the 
analog  circuit  by  rechecking  the  precalculations  whenever  the  need  arose, 
"by  operating  the  X-Y  plotter,  and  by  helping  to  operate  the  analog  com- 
puter. The  main  fiinction  of  the  Department's  representatives  vas  to 
ensure  that  the  dynamic  check  was  being  effected  to  a  sufficient  degree 
of  accuracy.  As  expected,  the  dynajnic  check  was  found  to  indicate  all 
errors  in  programming,  patch-board  wiring,  computer  operation,  and 
parameter  scaling. 

As  a  fineil  check  of  the  circuitry,  flows  of  the  entire  network 
were  balanced  after  the  ground  water  system  was  brought  to  a  steady- state 
condition.  In  this  check,  all  boundary  conditions  were  set  in,  and 
initial  surface  inflow- outflow  values  (l  )  were  inserted.  The  computer 
was  then  a1 1  owed  to  run  until  the  ground  water  system  reached  equilibriiun. 
The  change  in  the  amount  of  ground  water  in  storage  became  equal  to  zero 
when  eqxiilibrium  was  reached.  Thus,  under  this  condition  the  total  amount 
of  water  entering  the  system  was  equal  to  the  total  amount  of  water  leaving- 
the  system.  Moreover,  the  algebraic  sum  of  the  subsurface  flow  at  each 
node  was  equal  to  the  value  of  the  initiaJ.  siirface  inflow- outflow  of  water 
at  the  corresponding  node. 


Verification  of  the  Mathematical  Itodel 
Following  an  adeqiiate  check  of  the  analog  computer  circuitry, 
the  mathematical  model  was  verified  to  insure  accurew:y  in  the  operational 
phase  of  the  investigation.  The  test  consisted  of  matching  the  water 
level  elevations  generated  by  the  computer  with  the  corresponding  hydro- 
graphs  of  historical  water  level  elevations  for  each  node.  V/hen  the  best 
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overall  match  conmensurate  with  the  available  data  and  equipment  was 
etchieved,  the  mathematical  model  was  accepted  as  representative  of  the 
ground  water  basins  in  the  Coastal  Plain. 

In  the  verification,  a  complete  set  of  water  level  elevations 
generated  by  the  computer  were  plotted  by  X-Y  plotters.  The  initial 
plots  reflected  the  best  values  of  the  sxirface  inflow- outflow  factor, 
transmissibility  factors,  and  storage  factors  that  were  estimated  by 
the  geologists  and  hydrologists  and  initially  set  into  the  computer. 
These  plots  were  compared  with  the  hydrographs  of  historical  water  level 
elevations  of  corresponding  nodes.  Visual  inspection  of  these  plots 
enabled  rapid  analysis  by  the  engineers  and  geologists  who  were  then  able 
to  convert  the  basic  information  for  further  use  in  the  analog  computer. 

Although  the  initial  water  level  responses  from  the  analog 
computer  matched  historical  water  level  elevation  reasonably  we3J.  in  most 
areas,  there  were  significant  deviations  in  some  areas.  To  get  a  closer 
match  of  the  generated  water  levels  with  the  historical  hydrographs  for 
each  of  73  nodes,  some  of  the  values  of  storage  factors,  transmissibility 
factors,  and  surface  inflow- outflow  factors  were  systematically  changed 
within  reasonable  limits  by  Department  geologists  and  hydrologists. 

Corrections  for  these  factors  were  rapidly  made  on  the  analog 
computer  by  adjusting  the  proper  potentiometers.  After  the  new  values 
were  placed  in  the  computer  and  double  checked  with  a  digital  voltmeter, 
a  new  set  of  plots  was  obtained  on  the  X-Y  plotters.  The  computer 
generated  a  con^jlete  solution  for  a  10-year  period  in  T  seconds;  it 
required  about  15  minutes  to  prepare  a  complete  set  of  73  curves,  using 
three  plotters.  Thus,  the  speed  and  the  flexibility  of  the  analog  computer 
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were  useful  in  the  verification  phase  because  a  number  of  adjustments 
in  the  various  factors  could  be  rapidly  incorporated,  the  effects  of 
these  changes  could  be  graphically  plotted  in  an  equally  fast  time.  An 
example  of  the  historical  changes  in  ground  water  elevations  for  three 
nodes  in  the  basin  and  of  those  generated  by  the  analog  computer  for  the 
same  nodes  is  shovn  on  Figure  5-^- 

The  information  generated  by  the  analog  computer  during  the 
verification  or  tailoring  phase  was  especiaJJLy  valuable  to  both  the 
geologists  and  hydrologists.  The  resultant  water  level  responses  gen- 
erated by  the  changes  in  the  parameters  gave  the  geologists  and  hydrol- 
ogists a  keener  insight  into  the  influences  of  the  various  parameters 
on  the  dynamic  behavior  of  the  water  level  in  the  ground  water  basin. 
For  example,  the  extent  of  directional  transmlssibility  became  known  to 
the  personnel  during  the  tailoring  phase.  For  maximum  development  of 
this  kind  of  information,  the  geologists  and  hydrologists  maintained 
close  coordination  during  the  verification  phase. 
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FIGURE     5-4 
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ATTACHl'IENT  NO.    6 

DEVELOPMENT  Al^JD  SUPERPOSITIONING 
OF  MASTER   INFLUENCE  FUNCTIONS 


ATTACHMENT  No.  6 

DEVELOPMENT  AND  SUPERPOSITIONING 
OF  MASTER  INFLUENCE  FUNCTIONS 


Futiire  water  level  elevations  under  varying  amovints  and  locations 
of  planned  replenishment  and  extractions  were  needed  for  the  operational- 
econcxaic  studies  of  the  ground  water  basins  in  the  Coastal  Plain  of 
Los  Angeles  County.  The  required  water  level  data  were  obtained  by- 
utilizing  a  verified  mathematical  model,  the  development  and  verification 
of  which  are  described  in  Attachment  No.  5«  Because  the  equation  for  the 
mathematical  model  was  considered  to  be  linear,  water  level  elevations 
coiild  be  determined  for  any  specific  condition  of  future  replenishment 
and/ or  extraction.  This  was  done  by  superpositioning  a  set  of  master 
influence  functions  developed  for  this  study. 

The  discussions  that  follow  describe:   (l)  the  linearity  of  the 
mathematical  model,  (2)  the  master  influence  functions,  (3)  a.  digital 
computer  program  to  solve  the  set  of  equations  constituting  the  mathe- 
matical model,  and  {h)   superpositioning  techniques. 

Linearity  of  the  Mathematical  Model 

The  basic  equation  used  for  developing  and  testing  the  mathemat- 
ical model  of  the  study  area  is  linear  by  definition,  because  it  was 
assvmied  that  the  storage  coefficient  and  the  transmissibility  coefficient 
do  not  vary  with  changes  in  water  level  elevations.  Because  the  system 
is  linear,  the  dynamic  responses  (water  level  elevations  with  respect  to 
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time)  in  the  system  are  multiplicable,  additive,  and  relocatable  with 
respect  to  time. 

To  check  the  model's  linearity,  a  test  vas  made  of  multiplica- 
bility  of  its  responses.  This  test  was  made  to  establish  if  the  water 
level  response  of  100,000  acre-feet  per  year  of  recharge  at  a  group  of 
nodes  as  obtained  by  the  mathematical  model  was  twice  that  of  50,000 
acre-feet  per  year  of  recharge  at  the  same  group  of  nodes.  For  this  test, 
the  groxind  water  elevations  of  the  entire  system  were  initially  set  at  a 
common  elevation,  \rtiich  was,  in  this  case,  sea  level,  or  zero  elevation. 
Then,  unit  flows  of  100,000  and  50^000  eicre-feet  per  year  were  separately 
imposed  at  nodes  S,   11,  hO,   and  4l,  located  in  the  Montebello  Forebay. 
Water  level  responses  at  each  node  under  the  imposed  flows  were  determined 
by  using  a  computer  and  then  were  compared.  The  computer  response  for 
50,000  acre-feet  of  recharge  was  half  that  of  the  100,000  acre-feet  of 
recharge,  thus  demonstrating  multiplicability.  Figure  6-lA  shows  the 
responses  for  node  36,  under  unit  flows  of  50^000  and  100,000  acre- feet 
per  year. 

A  second  test  was  made  to  establish  the  additive  nature  of  the 
water  level  responses  from  the  model.  Responses  from  the  multip3acability 
test  were  added  to  a  response  from  imposing  continuous  195T  inflow- outflow 
on  a  model  whose  initial  levels  were  set  at  1957  water  level  elevations; 
the  sum  of  these  two  responses  was  the  same  as  that  obtained  by  directly 
superimposing  the  unit  flow  rates  as  well  as  the  identical  hydrologic 
conditions  on  the  model.  In  addition  to  the  1957  net  inflow- outflow 
functions,  the  same  unit  flows  were  imposed  at  the  same  nodes  as  in  the 
first  test.  All  initial  water  level  elevations  were  maintained  at  1957 
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FIGURE    6  —  1 
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levels.  The  computer  was  a1 1  o-vred  to  generate  djmamic  responses  for  each 
node  in  the  system.  Shovn  in  Figure  6- IB  are  vater  level  elevations  at 
node  36  under  the  imposition  of  1957  vater  level  elevations  and  continuous 
1957  inflow- outflow. 

By  adding  the  values  for  the  responses  from  the  initial  test 
runs  of  50,000  and  100,000  acre-feet  per  year  recharge  (with  initial 
water  level  elevations  at  zero)  to  those  obtained  by  an  extension  of  the 
1957  inflow- outflow  functions  (with  initial  water  levels  of  1957,  shown 
in  Figure  6- IB),  new  combined  water  level  elevations  were  determined. 
The  results  of  this  additive  process  were  identical  to  the  results  of 
the  computer  nuis  in  which  50,000  and  100,000  acre-feet  per  yeax  of  re- 
charge in  the  Montebello  Forebay  were  superimposed  on  1957  inflow- outflow 
and  1957  initial  conditions,  thus  demonstrating  the  additive  feature  of 
the  model. 

The  success  of  these  two  tests  demonstrated  the  model's  linear- 
ity. Thus,  it  is  axiomatic  that  the  responses  are  relocatable  with 
respect  to  time. 

Master  Influence  Functions 
With  the  linearity  of  the  model  demonstrated,  it  was  necessary 
to  develop  a  set  of  master  influence  functions  that  could  be  utilized  in 
determining  future  water  level  elevations  under  any  assumed  plan  of 
ground  water  basin  operation.  Master  influence  functions  are  defined  as 
water  level  responses  at  each  node  due  to  100,000  acre-feet  per  year  svor- 
face  inflow  to,  or  outflow  from,  the  zone  of  saturation  at  a  particular 
node  or  group  of  nodes.  A  unit  flow  of  100,000  acre-feet  distributed  to 
selected  nodes  is  called  an  action  condition  in  this  study. 
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A  complete  set  of  master  influence  functions  for  unit  flows  at 
all  nodes  woiild  require  a  very  large  number  of  solutions.  A  compromise 
between  a  complete  set  of  master  influence  functions  and  specific  opera- 
tional conditions  was  achieved  by  preparing  a  specific  set  of  master  in- 
fluence functions,  under  future  anticipated  operating  conditions.  Even 
this  compromise  required  a  large  number  of  solutions.  The  action  condi- 
tions that  were  used  in  the  operation-economic  studies  of  the  Los  Angeles 
Coastal  Plain  are  listed  and  briefly  described  in  Table  6-1. 

Because  the  responses  from  a  linear  model  are  additive,  multi- 
plicable,  and  relocatable  with  time,  the  technique  of  superpositioning 
master  influence  functions  was  used  to  determine  future  water  level  ele- 
vations under  many  assumed  plans  of  operation.  A  very  large  number  of 
simple  computations  were  required  to  carry  out  the  superjKjsitioning.  To 
reduce  the  workload  of  the  engineer,  a  program  to  carry  out  this  tedious 
procedure  was  developed  for  the  IBM  l620  Data  processing  System.  This 
procedure  will  be  discussed  in  a  later  section. 

Digital  Computer  Program 
In  developing  master  influence  functions,  an  IBM  TOT^  System 
was  utilized .  The  digital  computer  was  utilized  because  it  enabled  the 
engineers  to  obtain  the  functions  as  direct  data  input  for  the  super- 
positioning  technique  carried  out  by  an  IBM  l620  digital  computer.  An 
additional  reason  for  using  a  digital  computer  was  that  small  batches  of 
master  influence  functions,  spaced  a  few  months  apart  for  review  and  stiady 
of  results,  could  be  developed  at  different  times.  This  approach  on  an 
analog  computer  would  have  entailed  a  costly  manual  set-up  and  check-out 
procediure  for  each  group  of  runs  and  would  have  resulted  in  a  higher  cost. 
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TABLE  6-1 
ACTION  CCaOITIQNS  USED 
All  quantities  imposed  for  30  years 


Condition 
niimiber 


Area  of 
action 


Node  number  and  quantity, 
in  acre-feet  per  year 


Total  amount, 

in  acre-feet 

per  year 


Operational 

1  - 

- 

- 

30,000 

area  1 

32  - 

- 

- 

15,000 

33  - 

- 

- 

55,000 

100,000 

Operational 

2  - 

- 

_ 

90,000 

area  2 

3  - 

- 

- 

10,000 

100,000 

Operational 

3h  - 

- 

- 

15,000 

area  3 

35  - 

- 

- 

33,000 

36- 

- 

- 

i+,000 

60  - 

- 

- 

U,000 

61  - 

- 

- 

U,000 

Tl  - 

- 

- 

23,000 

72  - 

- 

- 

15,000 

74  - 

- 

- 

2,000 

100,000 

Operational 

7  - 

_ 

- 

12,000 

area  k 

8  - 

- 

- 

2,000 

9  - 

- 

- 

2,000 

37  - 

- 

- 

14,000 

38- 

- 

- 

9,000 

39  - 

- 

- 

10,000 

Uo  - 

- 

- 

1,000 

61  - 

- 

- 

4,000 

62  - 

- 

- 

18,000 

63  - 

- 

- 

6,000 

6k  - 

- 

- 

4,000 

72  - 

- 

- 

5,000 

75  - 

- 

- 

13,000 

100,000 

Operational 

11  - 

- 

- 

24,000 

area  5 

12  - 

- 

- 

2,000 

13  - 

- 

- 

3,000 

lU  - 

- 

- 

12,000 

kl  - 

- 

- 

6,000 

k2   - 

- 

- 

24,000 

k3  - 

- 

- 

22,000 

65  - 

- 

- 

7,000 

100,000 
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ACTION  CONDITIONS  USED 
(continued) 

All  quantities  imposed  for  30  years 


Condition 
number 


Area  of   [   Node  number  and  quantity, 
action   .'   in  acre-feet  per  year 


Total  amount, 

in  a^re-feet 

per  year 


8 


Operational 

30  - 

- 

- 

15,000 

area  6 

31  - 

- 

- 

2,000 

5k- 

- 

- 

5,000 

55  - 

- 

- 

16,000 

56- 

- 

- 

30,000 

57  - 

- 

- 

18,000 

58- 

- 

- 

7,000 

70  - 

- 

- 

7,000 

100,000 

Operational 

k9  - 

- 

- 

29,000 

area  7 

50  - 

- 

- 

5,000 

69- 

- 

- 

9,000 

73  - 

- 

- 

40,000 

7^  - 

- 

- 

17,000 

100,000 

Operational 

15  - 

- 

- 

6,000 

area  8 

17  - 

- 

- 

3,000 

hk  - 

- 

- 

6,000 

45  - 

- 

- 

10,000 

U6  - 

- 

- 

14,000 

U8  - 

- 

- 

3,000 

63  - 

- 

- 

3,000 

6h  - 

- 

- 

4,000 

66  - 

- 

- 

15,000 

67- 

- 

- 

20,000 

68  - 

- 

- 

13,000 

73  - 

- 

- 

3,000 

100,000 

Operational 

22  - 

- 

- 

22,000 

area  9 

23  - 

- 

- 

20,000 

24  - 

- 

- 

7,000 

25  - 

- 

- 

8,000 

26  - 

- 

- 

6,000 

28  - 

- 

- 

3,000 

29  - 

- 

- 

2,000 

50  - 

- 

- 

1,000 

51  - 

- 

- 

2,000 

52  - 

- 

- 

9,000 

53  - 

- 

- 

14,000 

3k  - 

- 

- 

6,000 

100,000 
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ACTION  CONDITIONS  USED 
(continued) 

All  quantities  imposed  for  30  years 


Condition 
number 


Area  of   \   Node  number  and  qiiantity, 
action  \       in  acre-feet  per  year 


Total  amoxont, 

in  acre-feet 

per  year 


10 


Operational 
area  10 


9,000 
10,000 


17  • 
18. 

19  10,000 

20  ■ 

21  ■ 
kS  ■ 

hi  ■ 
k&  ■ 
68  • 


22 


23 


25 


30 


Montebello 
Foretay 


San  Gabriel 
River 


Dominguez 
Gap 
Barrier 

Entire 
Coastal 
Plain 


11 
1^ 
1^1 
k2 
65 

11 
h2 

h3 
kk 

23 
2k 

25 


-  17,000 

-  7,000 

-  6,000 

-  2U,000 

-  16,000 

-  1,000 

-  2,000 

-  33,000 

-  16,000 

-  16,000 

-  33,000 

-  28,000 

-  23,000 

-  i4-l,000 

-  8,000 

-  41,000 

-  8,000 

-  51,000 


100,000 


100,000 


100,000 


100,000 


37 


Entire 
Coastal 
Plain 


Average  deep  percolation 
of  applied  water  to  the 
zone  of  saturation  under 
meam  rainfall  conditions 
was  distributed  to  each 
of  the  polygonal  areas  in 
proportion  to  their 
irrigated  areas  (see 
Attaxihment  No.  3) 

Average  deep  percolation 
of  precipitation  to  the 
zone  of  saturation  under 
meaji  rainfall  conditions  was 
distributed  to  each  of  the 
polygonal  areas  in  propor- 
tion to  their  pervious  areas 
(see  Attachment  No.  3) 


100,000 


29,000 
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ACTION  CONDITIONS  USED 
(continued) 

All  quantities  imposed  for  30  years 


Condition 
number 


Area  of   .  Node  number  and  quantity, 
action   .   in  acre-feet  per  year 


Total  amount, 

in  acre-feet 

per  year 


38 

Boundary 

1^ 5,500 

(Base      ^ 

nodes 

IT 9,600 

condition) 

18 10,700 

19 3,200 

29,000 


For  the  development  of  this  function,  initial  water  level  elevations, 
representative  of  the  water  level  of  I960  and  compatible  with  the 
mathematical  model,  were  imposed.  The  water  level  elevations  of  sev- 
eral nodes  along  the  coast  were  held  at  zero  and  the  elevation  of  a 
node  at  Whittier  Narrows  was  held  at  I90  feet.  Cumulative  effects  of 
all  other  functions  were  superimposed  on  this  function  to  determine 
future  water  level  elevations. 

A  program  was  developed  in  FORTRAN  (FORmula  TRANslation)  lan- 
guage for  the  IBM  lOjk   System  to  solve  the  principal  ground  water  equa- 
tion described  in  Attachment  No.  5  by  use  of  a  numerical  integration 
technique.  The  principal  ground  water  equation. 


^.[('•i-B)^^; 


dh 


■B 


+  AgQg  -  AgSg  ■^, 


is  replaced  by: 


(h^i 


J+1  _  v,J+l 


3 


j+l_ 


J+1  _  J' 


Yi,B  +  h%       =   Vb  (h^   -  ^) 


_   "i,B  i,B 


where:  Y.  ^3  is  the  transmissibility  factor  between  nodes  i  and  B,  and  the 
superscript  j  denotes  points  along  the  time  coordinate. 
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A  portion  of  the  FORTRAN  program  -vrtiich  was  used  is  shovn  on 
Figure  6-2,  and  a  simplified  flow  chart  of  the  entire  program  is  shown 
on  Figure  6-3. 

Referring  to  the  flow  chart  of  the  program  on  Figure  6-3,  note 
that  all  node-to-node  subsurface  flows  are  calculated  first.  Then,  nil 
the  storage  flow  rates  are  calculated.  All  the  flows  are  then  balanced 
at  each  node  by  setting  their  sums  equal  to  a  residual  (RES)  term.  The 
water  level  elevation  at  the  node  is  then  adjusted  by  the  magnitude  of 
the  residual,  modified  by  a  relaxation  coefficient.  When  all  the  water 
level  elevations  are  adjusted,  a  sum  is  formed  of  the  nodal  residuals. 
This  sum  is  compared  with  an  error  value  (e).  The  error  value  is  a  majci- 
mura  acceptable  sum  of  nodal  flow  residuals  at  any  time  step.  If  the  sum 
of  the  residuals  is  less  than  or  equal  to  the  error  value,  the  calcula- 
tion of  water  level  elevations  is  complete  for  that  time  step.  Otherwise, 
the  calculation  is  repeated  as  many  times  as  is  required  to  reduce  the 
sum  of  residuals  to  a  value  less  than  or  equal  to  the  error  value.  The 
error  value  must  be  properly  chosen  because  the  amount  of  computer  time 
spent  on  each  time  step  depends  on  it.  In  the  Los  Angeles  Coastal  Plain 
the  error  value  was  set  at  200  acre-feet  per  year.  ■ 

The  IBl"!  707^  coniputer  is  a  fully  transistorized  computer  with  a 
ma^etic  core  storage  capacity  of  10,000  words.  The  high  speed  processor 
of  the  computer  executes  100,000  10-digit  additions  per  second.  The  pro- 
gram and  data  are  first  placed  on  magnetic  tapes.  Through  the  use  of 
magnetic  tape  units,  the  program  and  data  are  introduced  into  the  com- 
puter core  storage  unit.  The  program  statements  are  executed  by  the  high 
speed  processor,  sequentially  drawing  the  required  instructions  and  data 
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FIGURE    6-2 


T  =  0.0 

Definitions: 

DEI/EA  =  Time  Step  (   t).   Years 

DO  80  M=l,   MAJOR 

ERROR  =  Max.  Acceptable  S\m  of  Nodal 

DO  TO  J=l,   MINOR 

Flow  Residuals  at  Any  Time 
Step,   Ac re -Ft. /Yr. 

T  =  T  +  DELTA 

AQ(k)   =  Source  Flow  Rate  at  Node   (k) 
at  Time   (j+l)  t,   Acre-Ft./Yr. 

DO  UO  K=1,N 

AS(K)   =  Capacitance  at  Node   (k).   Acres 

ho 

HO(K)   =  H(K) 

H(K)     =  Water  Level  Elevation  at  Node 
(k)  at  Time  j(   t).   Ft. 

kl 

Q(2J   =  Y(2)*(H(8l)   -  H(l)) 
Q(3)   =  Y(3)*(H(1}    -  H(2) 

H0(K)   =  Water  Level  Elevation  at  Node 

(K)  at  Time  j(   t).   Ft. 

M)   =  Y  l.)*H2     -H  3) 
Q(5)  =  y(5)*(h(i)  -  H(32)) 

S(K)     =  Storage  Flow  Rate  at  Node   (K) 

at  Time   (j+l)  t,   Acre-Ft./Yr. 

. 

Q(8o)   =  Subsurface  Flow  Rate  Along 

• 

Node-to-node  Branch  (80)  at 

• 

Time   (j+l)  t,   Acre-Ft./Yr. 

Q(T9)  =  Y(79)*(H(63)  -  K{6h)) 

Y(8o)   =  Conductance  of  Node-to-node 

Q(80)  =  Y(8o)*(H(39)  -  H(6U)) 

Branch  (8o),  Acre-Ft./Yr. -Ft. 

Q(8i)  =  Y(8i)*(H(6i^)  -  H(65)) 

T           =   (j+l)  t.   Years 

• 

RELAX(k)   =  Relaxation  Coefficient  at 

• 

Node   (k),   Yr. -Ft. /Ac re -Ft. 

• 

RES(k)   =  Nodal  Flow  Residual,   Acre-Ft. 

Q(l8T)  =  Y(l87)*(H(69)  -  H(50)) 

/Yr. 

DO   50  K=1,N 

50 

S(K)   =  AS(K)*(H(K)    -  H0(K))/DELTA 

RES(l)    =  Q(2)    -  Q(3)    -  Q(6)    -  Q(5) 

-  S(l)   +  AQ(1) 

RES(2)    =  Q(3)   +  Q(T)    -  Q(8)    -  Q(4) 

-  S(2)   +  AQ(2) 

RES(64)  =  Q(T9)  =  Q(80)  -  Q(8l)  -  q(82)  -  q(89)  -  s{6k)  +  aq(6U) 

• 

RES(T5)  =  Q(55)  =  Q(39)  -  Q(^0)  -  Q(53)  -  s(75)  +  AQ(75) 

DO  100  K=1.N 

H(K)   =  H(K)   +  RELAX(K)*RES(K) 

.00 

SUM  =  0.0 

DO  60  K=1,N 

60 

SUM  =  SUM  +  ABSF(RES(K)) 
IF(SUM  -  ERROR)   TO,    TO,    Ul 

70 

CONTINUE 

PRINT,   T 
DO  80  K=1,N 

80 

PRINT,   K,   H(K) 
PAUSE 

SIMPLIFIED    FORTRAN    PROGRAM 

FOR   DIGITAL   COMPUTER   SOLUTION 

OF  A    SET  OF   PRINCIPAL 

GROUND   WATER    EQUATIONS 
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FIGURE   6-: 


SIARI: 

LOAD  DATA 


Compute  Releucation  Coefficients  for  Each  of  N  Nodes 

^  .'    B  »  1,   2,    .    .,   N 


""^^  °    rYi^B  ^  flB/At 


tJ^l  -  tJ    +At 

4^1  =  f  (tJ-i) 


I 


Compute  Sub -Surface  Flow  Rates 

€1  -  ''uM*'  -  <'' 


Compute  Storage  Flov  Rates 

sJ+1  =  Cb  (4+1  .  4)/At 


Sum  Flow  Rates  at  Each  Node 


Adjust  Vfater  Level  Elevations 

hJ^^  =  hJ^^  +  (resJ*^)(relaxb) 


ilo. 


YES 


NOTE:  ALL  SYMBOLS  ARE 
REFERENCED  AND 
EXPLAINED  IN  TEXT 


PRINT: 


hJ+^Qj^l,    Si^l 


i,B' 


'B 


SIMPLIFIED    FLOW  CHART  FOR  DIGITAL  COMPUTER  SOLUTION 
OF  A    SET   OF    PRINCIPAL    GROUND    WATER     EQUATIONS 


DEPARTMENT   OF  WATER  RESOU«C  ES, SOUTHERN  DISTRICT,   1966 
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from  storage  as  programmed.  Modification  to  the  program  or  data  can  be 
made  through  a  typewriter  on  the  console  control  unit.  The  required 
results  are  read  out  on  magnetic  tapes.  Through  the  use  of  peripheral 
equipment,  vater  level  elevations  are  pimched  on  cards  for  direct  use  on 
an  IBM  l620  System.  The  same  peripheral  equipment  also  tabulates  the 
output  information  for  the  engineer's  use. 

In  addition  to  water  level  elevations,  the  following  informa- 
tion is  printed:   subsurface  flows  between  nodes  and  residual,  flows  at  a 
selected  time;  all  input  data  including  the  initial  values  of  parameters; 
and  a  set  of  statements,  identifying  symbols,  and  the  computer  program. 

The  program  illustrated  on  Figure  6-2  is  utilized  to  develop 
not  only  master  influence  functions,  but  also  water  level  elevations 
unique  to  si)ecific  plans  of  operation.  The  latter  data  axe  obtained  by 
introducing  a  schedule  of  surface  inflow-outflow  at  each  node. 

Once  the  master  influence  functions  for  all  required  action 
conditions  have  been  developed  on  the  IBM  707^  System,  these  influence 
functions  can  be  utilized  through  superpositioning  techniques  to  predict 
water  level  elevations  under  any  assumed  plan  of  operation. 

Superpositioning  Techniques 
Superpositioning  is  a  method  of  utilizing  master  influence 
functions  to  predict  water  level  changes  vrtiich  result  from  such  functions. 
To  apply  this  technique  to  the  various  plans  of  operation,  a  schedule  of 
extraction  and/or  recharge,  in  acre- feet  per  year,  was  selected  for  each 
operational  area.  Each  schedule  was  matched  to  its  respective  action 
condition,  that  is,  the  set  of  master  influence  functions  associated  with 
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the  paxticular  operational  area  involved.  Master  influence  functions 
were  multiplied  with  weighting  factors  to  adjust  the  functions  to  repre- 
sent the  effect  of  the  selected  amounts  of  extraction  or  replenishment. 
In  this  process,  the  modified  functions  were  arranged  so  that  the  begin- 
ning and  ending  periods  of  all  operational  actions  were  properly  accounted 
for. 

A  superpositioning  program  was  written  for  the  IBM  l620  digital 
computer,  using  the  IBM  punch  card  system  as  the  input-output  medium. 
Floating  point  arithmetic  and  subroutine  functions  were  discarded,  to 
increase  program  speed  and  allow  program  packing.  This  superpositioning 
program  determined  average  ground  water  levels  at  each  node.  These  levels 
were  then  converted  to  nodal  pumping  lift  requirements  in  a  subsequent 
computer  study. 

A  simplified  flow  diagram  of  the  IBM  l620  superpositioning  pro- 
gram which  is  discussed  below  is  shown  on  Figure  6-U. 

Because  all  master  influence  fiinctions  were  computed  on  the 
basis  of  a  constant  flow  of  100,000  a^re-feet  per  year  at  a  group  of  nodes, 
a  weighting  factor  is  applied  to  each  function  to  determine  the  amount  of 
influence  effected  by  each  selected  flow  schedule.  The  equation  used  to 
find  the  first  weighting  factor  is: 

Qa,t 


a,t   100,000 
where:  K  =  weighting  factor 

Q  =  first  proposed  flow  in  each  action  condition, 
a  =  action  condition's  identification  number, 
t  =  the  first  increment  of  time. 
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FIGURE    6-4 


START 


a   =  a   +   1 


LOAD  DATA: 
E„   Avg.  Ground  Level  Elevation 
at  N  Nodes 
Q.  m     Extraction  or  Recharge  Schedule 
'     for  A  Action  Conditions 


Compute  Weighting  Factors  K 

^^A,T  =  ^A,T-1  "  ^A,T 
K    _AQ.  „  /lOO.OOO 
A,T  =  ^A,T     ' 


LOAD  DATA:  > 

H    ^   Master  Influence  Functions 
n,a,t 

B  ^  Influence  Functions  of  Base 

condition 


I 


Compute  Effect  of  Influence  Functions 
^n,a,t  ^  '^jt^ttjajt        


Sum  Effects  of  Oije  Action  Condition 
A 


S  =  ^ — '   Y 

n,t       a=l     n,a,t 


I 


Compute  Water  Level  Elevations 
"n,t  =  Ei  Sn,t  +  ^n,t 


Compute  Lifts 

L  ^  =  E   -  W   . 
n,t    n    n,t 


Definitions 

A  =  Number  of  Participating 

Action  Conditions 
N  =  Total  Number  of  Nodes 
T  =  Duration  of  Study,  in  Years 
a  =  An  Action  Condition 
n  =  A  Node 
t  =  An  Increment  of  Time 

'Jote:  All  sj'Tnbols  are 


n  =  1 


a  »  1 


n  =  n  +  1 


punch: 

^n,t»  ^,t 


TYPE 


> 


referenced  and  explained  in  text 


PHASE      A 

SIMPLIFIED 

FLOW 

CHART  FOR  DIGITAL  COMPUTER  PROCESSING 

OF  THE  SUPERPOSITIONING  OF  MASTER  INFLUENCE  FUNCTIONS                       | 
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The  influence  trend  initiated  by  the  first  proposed  flow  is  reinitiated 
at  all  subsequent  flow  changes;  consequently,  all  subsequent  weighting 
factors  are  determined  by  the  change  in  flow  using  the  following  equation: 

^    ^  (Qa,T-1  -  ^A,T) 
A,T       100,000 

where:  A  =  number  of  participating  action  conditions, 

T  =  duration  of  study,  in  years. 

Figure  6-5  indicates  the  water  level  changes  at  a  node  due  to 

the  influence  of  one  action  condition.  Line  Y   is  the  influence  line 

determined  by  multiplying  the  first  weighting  factor  of  the  first  action 

condition  with  a  master  influence  function  at  each  time  interval,  as 

given  in  general  terms  in  the  following  equation: 

^n,a,t  "  ^,t"n,a,t 

where:  Y  =  influence  imposed  on  a  node  by  the  proposed  flow 
schedule, 

H  =  master  influence  f\mction, 

a  =  action  condition  identification  number, 

n  =  node  number, 

t  =  time  increment,  in  years. 
Each  weighting  factor,  in  turn,    is  multiplied  by  a  schedule  of  master 
influence  functions  beginning  again  with  the  first  factor.  All  additional 
influences  are  assumed  to  take  effect  from  the  time  of  each  flow  change 
or  when  K  ^  0.  Referring  to  Figxu-e  6-5,  lines  Y'  and  Y"  are  the  influences 
attributable  to  changes  in  amounts  of  planned  recharge  or  in  extraction 
in  years  h   and  12,  respectively;  the  algebraic  sum  of  these  positioned 
influences  (Y  +  Y'  +  Y")  is  the  total  effect  of  an  action  condition  on 
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note:    all  symbols  ARE  REFERENCED  AND 

EXPLAINED  IN  TEXT 
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A  GRAPHIC  EXAMPLE   OF  SUPERPOSlTlONING  OF  MASTER   INFLUENCE  FUNCTIONS  TO  DETERMINE 
FUTURE  WATER  LEVEL   ELEVATIONS  OF  AN  OPERATIONAL    PLAN 

FIGURE  6-5 

the  node  being  considered.  This  algebraic  summation  is  given  in  the 
following  equation: 

A 

S  .  =  I  Y 
n,t   ^^^  n,a,t 

where:   S  =  total  influence  of  an  action  condition  on  a  node. 

The  influences  of  all  action  conditions  on  the  node  under  con- 
sideration are  computed  by  incrementing  the  action  condition  subscript 
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and  repeating  the  above  steps.  When  the  effects  of  all  action  conditions 
on  the  node  are  found,  the  values  of  S's  are  summed  algebraically  and 
added  to  a  given  base  action  condition  yielding  the  water  level  elevation 
at  the  node.  This  summation  is  given  by  the  following  equation: 

A 

n.t     ,   n.t    n.t 
a=l 

where:  W  -  water  level  elevation  due  to  the  proposed  operation 
plan, 

B  =  water  level  elevation  referred  to  as  a  base  action 
condition. 

The  technique  discussed  in  this  attachment  is  equally  applicable 

to  the  study  of  either  individual  nodes  or  operational  areas,  which  are 

groups  of  nodes.  The  application  can  be  effected  with  little  change  in 

the  computer  program. 
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ATTACHT'ENT  IJO.    7 

COST  OF  FACILITIES 
AND   Il-iPORTED  V/ATER 


ATTACHME3>IT  No .    7 

UNIT  COST  OF  FACILITIES  AND 
IMPORTED  WATER 


In  the  investigation  of  planned  utilization  of  the  ground  water 
basins  in  the  Coastal  Plain  of  Los  Angeles  County,  a  comparative  economic 
evaluation  was  made  of  many  alternative  plans  of  coordinated  operation  of 
surface  and  ground  water  supplies  and  facilities.  This  evaluation  was 
made  by  comparing  the  total  cost  of  operation  for  each  alternative  plan. 
Information  on  costs  of  water  service  items  which  will  prevail  in  the  area 
during  the  study  period  was  necessary  for  determination  of  total  cost. 

Cost  information  was  developed  for  water  supply  facilities, 
electrical  energy,  and  imported  water  supplies.   The  facilities  considered 
were  storage  tanks,  pumping  plants,  booster  plants,  connectors  to 
Metropolitan  Water  District's  distribution  system,  laterals  and  artificial 
recharge  projects.   An  electrical  energy  consumption  charge  as  well  as  a 
service  charge  was  considered.  The  following  water  supplies  were  considered: 
water  imported  by  the  City  of  Los  Angeles  Department  of  Water  and  Power 
from  the  Owens  River  and  San  Fernando  Valley;  water  imported  by  the  City 
of  Whittier  and  other  agencies  from  San  Gabriel  Valley;  and  water  imported 
by  The  Metropolitan  Water  District  of  Southern  California  from  the  Colorado 
River  and,  in  later  years,  from  the  State  Water  Project. 

Costs  of  facilities  were  developed  in  two  ways.  For  facilities 
requiring  identical  design  and  components,  the  costs  were  developed  for 
unit-sized  facilities,  representative  of  the  facilities  in  the  study  area. 
Those  facilities  were  storage  tanks,  pumping  plants,  booster  plants,  and 
connectors  to  the  primary  distribution  system.  Annual  cost  and  cost  curves. 
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related  to  design  capacity,  were  developed  for  facilities  requiring  indi- 
vidual, design,  different  components,  or  different  sizes  for  different 
locations.  These  facilities  were  the  additional  freshwater  barriers, 
neither  existing  nor  proposed  by  the  Los  Angeles  County  Flood  Control 
District,  which  would  be  required  for  certain  plans  of  operation. 

For  electrical  energy,  equations  were  developed  to  relate 
amounts  of  annual  energy  consumption  with  annual  costs  for  a  unit-sized 
p\amp,  or  booster  that  was  typical  of  the  sizes  used  in  the  study  area. 
In  addition,  a  unit  annual,  service  connection  cost  was  determined  for 
these  facilities. 

For  the  cost  of  imported  water,  a  unit  cost  per  acre-foot  was 
developed  for  waters  from  different  sources.  For  water  imported  by  the 
Metropolitan  Water  District,  pricing  schedules  were  determined  under 
three  different  assumed  conditions. 

The  procedure  for  the  studies  gmd  the  cost  data  developed  are 
presented  in  detail  in  three  sections:  cost  of  facilities,  cost  of  elec- 
trical energy,  and  cost  of  imported  water. 

Cost  of  Facilities 
The  unit  annual  costs  of  facilities  were  estimated  for  elevated 
storage  tanks,  pumping  plants,  booster  plants,  and  connectors  to  the 
Metropolitan  Water  District's  distribution  system.  Unit  costs  of  pipes  were 
determined  so  as   to  estimate  the  costs  of  laterals  connected  to  the  primary 
distribution  system  and  the  costs  of  proposed  and  assumed  freshwater  bar- 
rier projects.  Annual  costs  were  determined  for  existing,  proposed,  and 
assumed  recharge  facilities  at  the  West  Coast  Basin,  Alamitos,  Dominguez 
Gap  Barrier  Projects,  and  also  for  additional  recharge  facilities.  In 
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addition,  graphs  were  developed  relating  capacity  and  cost  of  the  assumed 
recharge  facilities.  Unit  annual  costs  of  facilities  were  determined  by- 
first  obtaining  the  average  unit  capacity  of  each  facility,  then  determining 
capital  costs  of  fabrication  and  installation  from  costs  surveys  of  various 
manufacturers  and  local  water  supply  agencies.  Capital  costs  were  converted 
to  annual  costs  by  application  of  uniform  capital  recovery  factors  vath 
h-'L/2   percent  interest  rate  and  an  average  life  for  each  facility  that  had 
been  based  on  interviews  with  various  v;ater  supply  agencies.  The  unit 
annual  costs  of  surface  and  ground  water  facilities  were  estimated  for  each 
of  the  10  economic  areas  in  the  Coastal  Plain.  All  the  costs  were  adjusted 
to  1963  cost  level  by  using  the  March  I963  Engineering  News-Record  Construc- 
tion Cost  Index  for  the  City  of  Los  Angeles. 

Storage  Tanks 

Reservoirs  and  surface  storage  tanks  are  presently  constructed 
in  areas  of  high  elevation.  The  advantage  of  the  natural  heights  and  the 
resulting  head  contribute  to  economies  in  supplying  water  to  communities 
in  the  Coastal  Plain.  The  future  increase  in  water  demand  of  the  CoastaJ. 
Plain,  expected  to  take  place  mainly  in  the  lower  areas,  will  continue  to 
require  elevated  storage  tanks  or  equivalent  storage  systems  to  supply 
water  at  the  desired  heads.  Cost  data  developed  for  elevated  surface 
storage  tanks  are  considered  to  be  representative  of  both  existing  and 
assumed  future  facilities. 

Capacity  and  cost  data  on  storage  facilities  were  obtained  frcm 
basic  data  furnished  by  20  water  agencies  serving  the  Coastal  Plain.  Some 
of  the  city  vraiter  departments  which  contributed  data  were:  Los  Angeles, 
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Beverly  Hills,  Santa  Monica,  Inglewood,  and  Long  Beach.   The  private 
water  companies  which  furnished  data  include  the  Southern  California 
Water  Company,  California  Water  Service  Company,  Park  Water  Company, 
and  Dominguez  Water  Corporation.  The  futxire  unit  annual  cost  for 
elevated  storage  tanks  was  based  on  500,000-gallon-capacity  tanlcs,  the 
most  commonly  used  tank  size  in  the  study  area.   The  total  annual  cost 
included  costs  for  engineering  erection,  piping,  normal  accessories, 
foundation  and  excavation,  right-of-v/ay,  maintenance,  and  contingencies. 
The  tank  cost  also  reflected  the  added  cost  of  construction  required  to 
withstand  seismic  forces  in  this  area.   The  capital  cost  data  for 
elevated  storage  tanks  vrere  obtained  from  a  tank  manufacturer  in  the 
area. 

The  right-of-way  requirements  for  an  elevated  storage  tank 
v/ere  based  on  a  survey  of  several  water  agencies  such  as  the  City  of 
Los  Angeles  Department  of  V/ater  and  Power,  City  of  Inglewood  Water 
Department,  City  of  Long  Beach  Water  Department,  and  Park  V/ater  Company. 
The  average  lot  size  used  by  these  agencies  was  approximately  55  by 
115  feet.   The  cost  of  the  lot  for  a  storage  tank  in  each  economic  area 
was  based  on  the  assessed  land  value  for  representative  incorporated 
cities.  Estimated  market  values  for  a  typical  lot  were  derived  for 
operational  areas  1,  k,    5,  6,  7,  8,  9j  and  10.   For  operatiqnal  areas 
2  and  3?  $15} 000  per  lot  was  assumed  reasonable  because  of  dense  urban 
development . 

To  determine  the  annual  cost,  a  tank  life  of  100  years  was 
assumed.   The  unit  annual  costs  for  elevated  storage  tanks  for  each 
economic  area  are  given  in  Table  7-1. 
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TABLE  7-1 

ANNUAL  AND  CAPITAL  COSTS  FOR 
500,000-GALLON  ELEVATED  STORAGE  TANKS 


:  Elevated   : 

Economic 

:tank  costs  : 

Foundation 

Right-of-way- 

Total 

Annual 

area 

:  including  : 

and 

cost 

capital 

cost 

: accessories: 

excavation 

cost 

1 

2 

3 
h 

5 
6 

7 
8 

9 

10 


$115,000 

$1, 000 

115,000 

1,000 

115,000 

1,000 

115,000 

1,000 

115,000 

1,000 

115,000 

1,000 

115,000 

1,000 

115,000 

1,000 

115,000 

1,000 

115,000 

1,000 

$12,U00 

$128,i;00 

$5,800 

15,000 

131,000 

6,000 

15,000 

131, 000 

6,000 

8,900 

12U, 900 

5,700 

U,6oo 

120,600 

5,500 

8,800 

12U, 800 

5,700 

6,300 

122, 300 

5,600 

5,300 

121,300 

5,500 

5,600 

121,600 

5,500 

7,900 

123,900 

5,600 

Pumping  Plants 

Unit  costs  for  a  pumping  plant  included  the  following  items: 
well  and  casing,  well  development,  motor,  pump,  meter,  valves,  housing, 
electrical  wiring,  right-of-way,  and  annual  operation  and  maintenance.   In 
estimating  the  cost  of  the  pumping  plant,  the  average  depth  and  diameter 
of  the  wells  in  each  economic  area  were  determined  based  on  1962  well  data. 
Costs  of  items  considered  in  determining  the  average  pump  cost  for  a 
100-horsepower  motor,  which  was  found  to  be  the  most  common  unit,  are 
given  below: 
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Item  Cost 

Motor  and  pump  $   25. 50  per  foot  depth  of  pump  bowl 

Well  and  casing  1.00  per  inch  diameter,  plus  $1.00 

per  foot  depth  of  well 

Meters  and  controls       1,U50.00  per  well 

Valves  6ii-5.00  per  well 

Housing  500-00  per  well 

Electrical  wiring  880.00  per  well 

Development  of  well        2,000.00  per  well 

The  above  cost  data  were  obtained  from  manufacturers,  well 
drillers,  and  electrical  contractors  acquainted  with  this  study  area. 
The  right-of-way  costs  are  the  same  as  those  used  in  detennining  the  unit 
annual  cost  of  elevated  storage  tanks.  The  annual  operation  and  mainte- 
nance cost  was  approximately  $100.  The  life  of  the  pumping  plant  was 
assumed  to  be  20  years.  The  annual  pumping  plant  costs  are  shown  in 
Table  7-2. 

Booster  Plants 

To  determine  the  unit  cost  of  booster  plants,  a  100-horsepower 
motor  (the  average  size  for  19^2  pumps  in  the  area)  was  assumed.  The  cost 
of  a  booster  plant  was  $U,700  which  included  the  cost  of  booster  installa- , 
tion,  pump  motor,  and  appurtenances.  Cost  data  on  the  booster  installatior 
were  obtained  from  a  pump  manufacturer.  Annual  cost  of  the  booster  plant 
was  $360,  assuming  a  20-year  life.  Annual  operation  and  maintenance  cost 
was  approximately  $100.  The  total  annual  cost  of  the  booster  plant  was 
$U6o.  The  right-of-way  cost  was  not  included  in  annual  operation  and 
maintenance  cost,  because  the  booster  plant  was  assumed  to  be  located  on 
the  same  right-of-way  as  the  pumping  plant. 
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TABLE  T-2 


TOTAL  ANNUAL  COSTS  OF  100-HP  MOTOR  PUMPING  PLANTS 
IN  EACH  ECONOMIC  AREA 


Economic 
area 

Average 
pump  cost 

Right-of-way- 
cost 

Annual 
operation 
and 
maintenance 
cost 

Annual 
pump 
cost 

:  Annual 
: right- of - 
:  way 
:  cost^ 

:  Total 
:  annual 
•: pumping 
:  plant 
:  cost^ 

1 

$lh,510 

$12,i^00 

$100 

$1,120 

$560 

$1,780 

2 

19,380 

15,000 

100 

i,U90 

680 

2,270 

3 

21,370 

15,000 

100 

i,64o 

680 

2,1^20 

h 

17,900 

8,900 

100 

1,370 

i^OO 

1,870 

5 

11,180 

i+,6oo 

100 

850 

210 

1,160 

6 

i3,iiio 

8,800 

100 

1,010 

4oo 

1,510 

7 

1^,950 

6,300 

100 

1,150 

290 

1,540 

8 

lU,030 

5,300 

100 

1,070 

2I+0 

l,iH0 

9 

13,890 

5,600 

100 

1,060 

260 

1,1+20 

10 

15,550 

7,900 

100 

1,190 

360 

1,650 

&.  An  infinite  life  and  U-l/2  percent  interest  were  assumed  for  annual 

right-of-way  costs, 
b.  The  differences  in  annual  costs  of  pumping  plants  in  various  economic 

areas  arise  from  differences  in  cost  of  right-of-way  and  average  depths 

and  dianeters  of  wells  within  each  area. 


W 


Connectors 

The  cost  of  connectors  to  the  Metropolitan  Water  District's 
distribution  system  included  the  cost  of  excavation,  backfill,  concrete, 
reinforcing  steel,  resurfacing,  side  outlet,  meter,  valves,  pipe,  and 
other  accessories.  It  was  assumed,  in  determining  the  cost  of  connectors, 
that  they  would  be  installed  within  the  District's  existing  right-of-way. 
The  cost  data  for  connectors  were  obtained  from  the  Metropolitan  Water 
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District  and  various  private  companies.  The  capital  cost,  shown  below, 
for  a  10-cf s  connector,  which  was  found  to  be  an  approximate  average 
capacity,  was  assumed  to  represent  the  future  cost  in  this  study. 

Item  Cost 


Excavation 

$  2,200 

Backfill 

200 

Concrete 

5,300 

Reinforcing  steel 

200 

Resurfacing 

200 

Side  outlet 

1,000 

Venturi  tube  and  meter 

instruments 

i^,800 

Valve  s 

U,700 

Pipe  and  fittings 

3,500 

Electrical  connection 

500 

Miscellaneous  items 

2,000 

Installation 

U,800 

Contingencies 

3,^00 

Administration  and  indirect 

charges 

5,600 

TOTAL  COST  $38,^4-00 

In  determining  the  annual  cost  of  the  connector,  a  100-year 
life  for  all  items  was  assumed  except  for  resurfacing,  meters,  and  elec- 
trical connections.  These  items  were  assigned  lives  of  20,  30,  and  20 
years,  respectively.  The  average  annual  unit  cost  of  a  10-cfs  connector 
was  determined  to  be  $1,850. 

The  annual  unit  costs  of  elevated  storage  tank,  booster  plant, 
pumping  plant,  and  connector  for  each  economic  study  area  are  shown  in 
Table  10  in  Chapter  II. 

Pipelines 

The  costs  of  additional  laterals  connected  to  the  Metropolitan 
Water  District's  distribution  system  were  determined  by  a  cost-diameter 
relationship:   $1.90  per  linear  foot  per  inch  of  diameter.  This  relationsh? 
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was  based  on  data  for  actual  construction  costs  of  pipelines  in  residen- 
tial areas  by  the  City  of  Los  Angeles  Department  of  Water  and  Power. 
The  pipe  cost  included  costs  for  all  appurtenances  and  regulator  stations. 

Unit  pipeline  costs  for  sea-water  intrusion  barrier  projects 
were  developed  by  the  Department  of  Water  Resources.  These  costs  were 
used  to  determine  the  pipe  costs  of  the  assumed  Dominguez  Gap  barrier 
facilities.  The  pipe  costs  were  for  pipe-in-place.  Table  7-3  shows 
costs  for  pipe  of  various  diameters,  assuming  a  maximum  head  of  300  feet. 

Artificial  Recharge  Facilities 

Artificial  recharge  facilities  consist  of  the  Montebello 
Forebay  spreading  groiinds  and  existing  or  potential  freshwater  barrier 
projects  in  the  West  Coast  Basin,  Dominguez  Gap,  Los  Alamitos  Gap,  and 
Santa  Monica  Basin. 


TABLE  7-3 

UNIT  PIPELINE  COST  USED  IN  ESTIMATING 
THE  COST  OF  FRESHWATER  BARRIER  PROJECTS 

Diameter  of  pipe,        :  r,     x.            •,  ■            ^     j. 
^  ^  '        .  Cost  per  linear  foot 
in  inches : 

8  $  7.17 

10  Q.kk 

12  9.^1 

Ik  11.08 

16  13.38 

18  ii+.3i 

21  15 . 70 

2k  19.70 

27  21.1+i+ 

30  2U.80 

33  26.65 

36  30.65 
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Additional  freshwater  barrier  projects  that  were  deemed  necessary  for 
some  of  the  alternative  plans  of  operation  but  have  not  been  constructed 
or  proposed  by  the  Los  Angeles  County  Flood  Control  District  were  also 
determined.  The  procedures  for  determining  the  costs  of  these  additional 
feicilities  are  discussed  in  detail  in  Attachment  No.  8. 

Montebello  Forebay.  The  operation  and  maintenance  cost  of  the 
existing  spreaiding  grounds  was  estimated  at  $1.25  per  acre-foot  of 
recharge  water.  This  estimate  was  presented  in  a  report  by  the  Los  Angeles 
County  Flood  Control  District,  "Report  on  Required  Facilities  for 
Replenishing  eind  Protecting  Ground  Water  Reserves  in  the  Central  and.  West 
Coast  Ground  Water  Basins",  Part  I,  Montebello  Forebay  Recharge  Project, 
West  Coast  Basin  Barrier  Project,  February  I96I. 

West  Coeist  Basin  Barrier  Project.  The  annuaJ.  cost  of  the  West 
Coast  Basin  Barrier  Project  was  based  on  a  preliminary  cost  estimate 
presented  in  the  above-named  report.  Estimated  capital  costs  of  the 
facilities  required  for  the  existing  and  proposed  project  are  shown  in 
Table  7-^. 

The  annual  cost  of  the  barrier  project  facilities  was  determined 
by  using  a  20-year  life  for  observation  and  recharge  wells  and  a  100-year 
life  for  supply  and  recharge  lines.  The  annual  unit  cost  for  I963-6U  is 
$253,000  and  $307,000  for  196U-65  and  thereafter.  The  increase  reflects 
the  expansion  of  the  project  in  the  latter  year.  The  Los  Angeles  County 
Flood  Control  District  estimated  that  the  ultimate  design  capacity  of  the 
project  is  50,000  acre-feet  per  year,  based  on  the  present  method  of 
operating  the  ground  water  basins.  The  annual  operation  and  maintenance 
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TABLE  7-h 

WEST  COAST  BASIN  BARRIER  PROJECT 
COST  ESTIMATES  AND  CONSTRUCTION  SCHEDULE 


Completion, :               ^,  :  Estimated  :  Cumulative 

^-    T                    Item  ,        ^  a.  ■, 

fiscal  year: :   cost    :   total 

1960-61    Observation  wells  -  Beryl  Street 

to  Torrance  Boulevard  $       i+0,000 

Recharge  well  7B,  connecting 

pipeline  and  observation  wells  58>200 

Joint  pipeline  from  Aviation 

Boulevard  to  pressure  regulating 

station,  including  meter  330,000 

Preparation  of  plans  for  pressure 

regulation  station  supply  line  to 

center  and  south  sections, 

recharge  line  from  Agate  Street  to 

Torrance  Boulevard,  eind  south 

section  chlorination  facilities         9^ > OQO   


TOTALS  $  523,200   $  523,200 

1961-62  Pressure  regulation  station  for 
supply  line  to  center  and  south 
sections. 

South  supply  line  including 
recharge  line  from  Agate  Street 
to  Torrance  Boulevard. 
Chlorination  facilities,  office, 
and  yard  for  south  section, 
including  right-of-way  $1,1+90,800 

Observation  wells  -  one-half  of 

the  internodal  wells  for  north 

section  and  north  extension  of 

center  section  22,700 

Single  recharge  and  shallow 
observation  wells  to  complete 
south  section  from  Agate  Street 
to  Torrance  Boulevard  (no  off- 
line wells)  $  387,1+00   


TOTALS  $1,900,900   $2,1+21+, 100 
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WEST  COAST  BASIN  BARRIER  PROJECT 
COST  ESTIMATES  AND  CONSTRUCTION  SCHEDULE 
(continued) 


Completion, : 
fiscal  year: 


Item 


Estimated   :   Ciimulative 
cost  :        total 


1962-63    Joint  supply  line  to  north 
recharge  line 

North  supply  line,  chlorination 
facilities  including  right-of- 
way,  meter,  and  north  recharge 
line  including  north  extension 
of  center  section  and  pressure 
regulation  for  north  section 

Recharge  and  observation  wells 
to  complete  north  section  and 
north  extension  of  center 
section 

Recharge  line  south  extension  of 
center  section  and  south  section 
from  Agate  Street  to  north  end 

TOTALS 

1963-6U    Observation  wells  to  complete 
south  extension  of  center 
section  and  south  section  to 
Torrance  Boulevard 

Recharge  wells  to  complete  south 
extension  of  center  section  and 
south  section  to  Torrance 
Bo\ilevard 

TOTALS 

196^-65    Recharge  line  south  section 

Torrance  Boulevard  to  south  end 

Recharge  wells  to  complete  south 
section 

TOTALS 


$  186,900 


!+l+8,800 


376,100 


92.700 


$i,ioi+,500   $3,528,600 


$     l+li+,000 

Ul9,900 
$     833,900 

$     257,000 

550,100 


$4,362,500 


$     807,100       $5,169,600 
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cost  for  this  design  capacity  is  $287,500.  The  unit  cost  of  operation 

ajid  maintenance  was  $5.75  per  acre-foot,  obtained  by  dividing  the  annual 
operation  and  maintenance  cost  by  the  ultimate  capacity  of  the  project. 

It  was  assumed  that  operation  and  maintenance  cost  for  the  Alamitos, 
Dominguez  Gap,  and  Santa  Monica  Basin  Barrier  Projects  would  also  be 

$5*75  per  acre-foot. 

Alamitos  Barrier  Project.  A  preliminary  cost  estimate  for  the 

Alamitos  Barrier  Project  was  made  in  a  report  by  the  Los  Angeles  Covmty 
Flood  Control  District,  "Report  on  Required  Facilities  for  Replenishing 

and  Protecting  Ground  Water  Reserves  in  the  Central  £ind  West  Coast  Ground 
Water  Basins",  Part  II,  Alamitos  Barrier  Project,  January  I962.  The 

estimated  capital  costs  of  the  proposed  facilities  in  Los  Angeles  County, 
shown  in  Table  7-5,  are  those  presented  in  that  report. 

The  barrier  project's  total  annual  cost  was  determined  by  using 
a  20-year  life  for  wells,  pump  installation,  and  office  and  chlorination 
facilities  and  100-year  life  for  pipelines,  well  appiirtenances,  geologic 
investigation,  planning,  and  construction  contingencies.  As  mentioned 
previously,  the  assumed  \init  cost  of  operation  and  maintenance  was  $5*75 
per  acre-foot.  The  annual  energy  cost  for  each  pumping  well  was  estimated 
by  the  Los  Angeles  County  Flood  Control  District  to  be  $1,500  per  year. 
The  total  annual  energy  cost  for  I6  pumping  wells  was  estimated  to  be 
$2U,000.  The  annual  costs  for  the  capital  facilities  from  I961  through 
1990  are  given  below.  The  annual  cost  from  196k   through  I99O  included 

the  annual  energy  charge  for  the  pumping  wells. 

-2I+7- 


Year 


Annual  Cost 


1961-62 
1962-63 
1963 -6U 
I96I+-9O 


$  2,300 

39,500 

101,600 

125,600 


The  Los  Angeles  County  Flood  Control  District  estimated  that 

the  ultimate  design  capacity  of  the  project,  which  is  located  in 

Los  Angeles  and  Orange  Counties,  would  be  20,000  acre-feet  per  year, 

based  on  the  present  method  of  operating  the  groxind  water  basin. 

TABLE  7-5 

ALAhCETOS  BARRIER  PROJECT 

COST  ESTIMATES  AM)  CONSTRUCTION  SCHEDULE  FOR 

BARRIER  FACILITIES  IN  LOS  ANGELES  COUNTY 


Fiscal 
year 


Item 


I 


Annual 
cost 

:  Cumulative 
:   cost 

$  37,000 

8,000 

$  1+5,000 

$ 

i+5,000 

$  20,000 
59'+,000 

60,000 

16,000 

26,000 

9,000 

15,000 

$7^0,000 

$ 

785,000 

$20i+,000 
358,000 
118,000 
211,000 

$891,000 

$1,676,000 

1961-62    Prepare  plans  for  supply  pipeline 
Prepare  plans  for  office  and 
chlorination  facility 

TOTALS 

1962-63    Acquire  right-of-way 

Construct  supply  pipeline 
Construct  office  and  chlorination 

facility 
Prepare  plans  for  distribution 

pipeline 
Prepare  plans  for  recharge  wells 
Prepare  plans  for  pumping  wells 
Prepare  plans  for  observation  wells 

TOTALS 

1963-614-    Construct  distribution  pipeline 
Construct  recharge  wells 
Construct  pumping  wells 
Construct  observation  wells 

TOTALS 
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Dominguez  Gap  Beurrier  Project.  A  preliminary  cost  was  estimated 

for  the  Dominguez  Gap  Barrier  Project  based  on  data  obtained  from  the 
Los  Angeles  County  Flood  Control  District.  The  operation  and  maintenaxice 

cost  was  assumed  to  be  $5-75  per  acre-foot.  The  capital  cost  of  the 
facilities  was  based  on  unit  cost  data  developed  by  the  Department  of 
Water  Resources.  The  estimated  capital  costs  of  facilities  required  for 

the  proposed  project  are  shown  in  Table  7-6. 

TABLE  7-6 

DOMINGUEZ  GAP  BARRIER  PROJECT 
CAPITAL  COST  ESTIMATES 

Item  .  Capital  cost 

1.  Supply  pipeline  $  ^71,000 

2.  Distribution  line  296,000 

3.  a.  Recharge  wells  261,000 
b.  Appurtenances  38>000 

k.      a.  Observation  wells  163,000 

b.  Appurtenances  55 > 000 

5.  Geologic  investigation  37>000 

6.  Office  building  and 

chlorination  facilities  95 » 000 

7.  Plajining,  designing,  testing, 

inspecting,  etc.  212,000 

8.  Construction  contingencies  212,000 

TOTAL  $1,8^0,000 
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The  estimated  life  of  the  facilities  was  the  same  as  that  used 
in  the  Alamitos  Barrier  Project.  The  annual  cost  for  the  facilities  is 
$100,000.  It  was  assumed  that  this  barrier  project  would  be  in  operation 
in  1967-68. 

Additional  Recharge  Facilities.  For  scsne  of  the  alternative 
plans  of  operation,  additional  freshwater-injection  facilities  were 
required  from  Santa  Monica  Bay  to  Los  Alamitos  Gap.  These  facilities 
were  required  in  addition  to  those  presently  constructed  and  proposed 
euLong  the  Santa  Monica  Basin,  West  Coast  Basin,  Dominguez  Gap,  and 
Los  Alamitos  Gap.  The  estimated  present  worth  of  costs  of  additional 
injection  facilities  for  various  rates  of  injection  are  presented  in 
Attachment  No.  8. 

Cost  of  Electrical  Energy 
For  the  electrical,  energy  cost,  equations  were  developed  to 
relate  amounts  of  euinual  energy  consumption  with  annual  costs  for  a  unit- 
sized  pianp  or  booster,  representative  of  the  sizes  used  in  the  study  area. 
In  addition,  a  \mit  annuaJL  cost  of  connection  for  those  facilities  was 
determined.  For  pumping  power  costs,  a  study  was  made  to  determine  the 
most  economical  power-rate  schedule  of  the  Southern  California  Edison 
Company,  which  serves  most  of  the  ground  water  extractors  in  the  CosLSteuL 
Plain.  Calculations  were  made  for  selected  combinations  of  30,  60,  and 
100  horsepower  connected  loads  for  pump  use  factors  of  30,  60,  90,  and 
100  percent,  using  that  ccmpany's  rate  schedules  PA-1,  A-7,  and  PA-2. 
In  this  analysis,  the  PA-1  sched\ile  was  foiind  to  be  the  most  economical; 

therefore,  it  was  used  in  this  study  for  any  given  use  factor  for  a 
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connected  loeid  of  100  horsepower.  This  schedule  was  applicable  to  power 
service  for  boosters  and  pumps.  A  portion  of  the  PA-1  power-rate  sched- 
ule is  shown  below. 

SOUTHERN  CALIFORNIA  EDISON  COMPANY 
SCHEDULE  PA-1  FOR  BOOSTERS  AND  PUMPS 


Horsepower  of 
connected  load 

100  and  over 


Service 
charge 
per  HP 

per  year 

$6.50 


To  be  added  to  the  service  charge 
Cents  per  KWHR 


First  1,000   Next  1,000 
KWHR  per  HP   KWHR  per  HP 
per  year      per  year 


All  over 
2,000  KWHR 
per  HP  per  year 


$1.36         0.82  0.61+ 

The  following  equations  were  developed  for  this  investigation 
based  on  the  Southern  California  Edison  Company  coast  schedule  PA-1  for 
a  100-horsepower  pump  motor.  The  total  annual  service  and  electrical 
energy  charge,  in  dollars  per  unit,  is  given  by  the  following  equation: 

Te  =  Uc  -^  ^e 

where:  Tg  =  total  annual  service  and  electrical  energy  charge,  in 
dollars  per  unit ; 

U(,  =  annual  service  charge  on  connected  load,  in  dollars  per  unit; 

Ug  =  annual  energy  consumption  charge,  in  dollars  per  unit. 

The  service  connection  charge  per  pump  is  $6.50  per  horsepower 
for  a  pxomp  with  a  100-horsepower  or  larger  motor.  Because  all  the  pumps 
euad  boosters  were  considered  to  have  100-horsepower  motors,  the  toteil 
service  connection  charge  for  all  ground  water  pumping  units  could  be 
expressed  in  the  following  equation: 

U^  =  HP^  (6.50  Dollars /HP- YR) 
where:  HP  =  horsepower  of  pump  motor; 

HP  =  horsepower; 

YR  =  year. 
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The  energy  consumption  charge  per  pump  varies  by  three  rate 
schedules,  depending  upon  the  duration  for  which  a  pump  is  used.  Equa- 
tions were  developed  from  Southern  California  Edison  Company  cost  sched- 
ule PA-1  for  three  ranges  of  use  factors.  They  are  presented  below: 

1.  For  use  factors  from  0  to  15  percent 

Ug     =  HP^  D*0136  Dollar s/KWHR) (6530  KWHR/HP-HR)(Use  Factor)]] 

2.  For  use  factors  from  15  to  30  percent 

U   =  HP  Q.CK)82  Dollars/KWHR)(6530  KWHR/HP-YR)(Use  Factor)  +  3.k2 
2  ^ 

3.  For  use  factors  from  30  to  100  percent 

Ue  =  HPuQ.006U  Dollar  s/KWHR )  (6530  KWHR/HP-YR)(Use  Factor)  +  9.0^ 

where:   KWHR  =  k.ilowatt-hour. 

The  above  equations  were  used  to  determine  the  total  annual 
service  and  electrical  energy  charge  of  pumps  and  boosters  in  eaxih  plan 
of  operation. 

Cost  of  Imported  Water 
One  of  the  most  important  factors  in  the  evaluation  of  alterna- 
tive schemes  of  ground  water  basin  operation  in  the  Coastal  Plain  is  the 

cost  of  imported  water.  For  economic  comparisons  of  the  alternatives, 
costs  were  estimated  for  imported  waters  from  all  sources.  Water  is  pre- 
sently imported  into  the  study  area  by  the  following  agencies:  The 
Metropolitan  Water  District  of  Southern  California  (hereinafter  referred 
to  as  the  District),  the  City  of  Los  Angeles  Department  of  Water  and 
Power,  and  several  small  agencies  which  import  water  from  the  San  Gabriel 
Valley. 

Becaixse  the  amounts  of  water  imported  dxiring  the  study  period 
from  the  San  Gabriel  Valley  and  by  the  Los  Angeles  Department  of  Water 
and  Power  were  presumed  to  be  the  same  for  all  plans  of  operation  and 
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the  costs  of  these  waters  did  not  affect  economic  comparisons  of  alter- 
natives, a  cursory  study  was  made  of  unit  cost  of  water  from  the  two 

sources.  The  cost  of  imported  water  from  the  San  Gabriel  Valley  was  $20 
per  acre-foot,  excluding  the  cost  of  the  secondairy  distribution  facilities, 

but  including  the  cost  of  extraction  and  conveyance  to  the  Coastal  Plain. 
Extraction  cost  of  ground  water  in  the  San  Gabriel  Valley  was  bsised  on 
pumping  lift  data  in  that  area  and  also  cost  of  extraction  data  in  other 
basins.  Conveyance  cost  included  the  cost  of  pipelines  required  to  con- 
vey the  water  to  the  study  area.   In  this  determination,  all  agencies 
which  export  water  from  the  San  Gabriel  Valley  were  considered  as  one 
entity  to  simplify  the  study. 

The  estimated  average  unit  cost  of  Mono-Owens  water  and 
San  Fernando  Valley  water  Imported  into  the  Coastal  Plain  by  the 
Los  Angeles  Department  of  Water  and  Power  is  $20  per  acre-foot.  The 
average  cost,  which  does  not  include  distribution  cost,  was  based  on 
unit  cost  data  furnished  by  the  City  of  Los  Angeles  for  surface  and 

ground  water. 

A  detailed  cost  study  of  the  District's  water  was  undertaken 

because  the  amount  of  water  imported  by  the  District  varied  for  each 
plan  of  operation  and  the  District's  announced  pricing  policy  was  not 
definite  enough  to  provide  a  schedule  for  the  entire  study  period.  The 
remaining  portion  of  this  attachment  presents  the  procedure  used  to 
estimate  the  total  cost  of  importing  the  District's  water  and  the  result- 
ing price  to  the  Coastal  Plain  water  users  for  each  alternative  plan  of 
operation. 
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In  1963,  the  District  consisted  of  26  member  agencies  serving 
a  population  of  8,825,000  in  six  covmties  in  Southern  California.  Nine 
of  the  District's  member  agencies  served  the  Coastal  Plain;  their  service 
areas  contained  a  total  population  of  3*9^0,000.  Since  June  19'+1>  the 
District  has  met  its  members'  water  demands  with  Colorado  River  water. 
As  of  June  30,  19^3*  the  member  agencies  of  the  District  which  serve  the 
Coastal  Plain  have  used  approximately  kO  percent  of  this  diverted  water 
while  paying  about  68  percent  of  the  total  cost.  The  total  payments 
include  collection  from  regular  annual  tax  levies,  special  levies  for 
annexation  charges,  and  payment  for  water  delivered. 

To  meet  the  increasing  demand  of  its  service  area,  the  District 
contracted  with  the  State  in  i960  to  ptirchase  up  to  1,500,000  6w;re-feet 
of  State  Water  Project  water  annually.  This  was  amended  in  19^4  and 
increased  to  2,000,000  acre-feet.  The  District  will  begin  to  distribute 
a  portion  of  this  water  supply  in  1971 •  At  the  time  of  this  study,  1963> 
the  District  also  had  rights  to  divert  1,212,000  acre-feet  annually  from 
the  Colorado  River.* 

In  this  study,  the  unit  price  of  water  was  defined  as  that 
amount  paid  by  the  member  agencies  per  acre-foot  of  water.  As  of  19^3^ 
the  cost  has  been  more  than  the  price,  and  the  difference  has  been  made 
up  by  taxes  levied  on  property  owners  in  the  District's  service  area. 

Because  the  Coastal  Plain  carries  a  higher  share  of  the  District's 
financial  burden  for  its  facilities,  the  cost  of  the  district  water  supply 
cannot  be  treated  like  the  costs  of  waters  from  the  San  Gabriel  Valley  and 


*As  the  result  of  the  Supreme  Court  decision  (196^)  apportioning  water  to 
Arizona  and  California,  the  amount  available  by  each  user  agency  may  de- 
crease in  future  years.  This  possibility  is  reflected  in  the  comparative 
curves  shown  on  Figure  13,  Chapter  TV. 
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that  distributed  by  the  City  of  Los  Angeles.     The  cost  of  water  to  the 
water  users  is  composed  of  the  price  paid  for  the  purchase  of  water  and 
the  ad  valorem  tax  payment  to  the  District;   this  sum  is  equal  to  the 
capitsil  cost  of  water  facilities,   plus  the  minimum  operation  emd  mainte- 
nance cost  of  water  delivery. 

The  magnitude  of  the  unit  price  of  water  and  the  ad  valorem  tax 
levied  on  property  owners  has  depended  on  the  policy  of  the  District.     The 
District's  policy  at  the  time  of  the  study  on  the  future  prices  was  out- 
lined in  its  Resolution  5821.     The  following  quotation  of  Resolution  582I 
is  from  the  District's  Twenty-Third  Annual  Report,   I961,   pages  128-129: 

"On  September  27,    i960,   the  Board  of  Directors  adopted 
Resolution  582I  containing  certain  recitals  and  declarations 
of  water  pricing  policies  which  the  resolution  provided  shsill 
become  effective  beginning  January  1,    I964.     Those  policies 
are:      (l)   all  payments  received  for  annexation  chsirges  shall 
be  applied  first  to  bond  obligations  to  \rtiich  they  are  pledged 
and  next  to  reduce  other  indebtedness  resulting  from  capitaJ. 
expenditures;    (2)   at  least  one-half  of  all  remaining  capital 
charges  plus  all  operation  and  maintenance  costs  of  the 
District   shall  be  borne  by  sales  of  water  at  xiniform  rates 
to  constituent  members  irrespective  of  the   source  or  point 
of  delivery  of  the  water,   except  for  equitable  surcharges 
to  reflect  the  cost  of  special  services  —  the  rate  for  water 
shall  be  at  least  as  laj:^e  as  the  total  of  all  such  costs  in 
the  three  prior  fiscal  years  plus  the  anticipated  cost  in  the 
next  three  years  divided  by  the  totEil  quantity  delivered  to 
constituent  members  in  the  three  prior  years  and  that  quantity 
projected  for  the  ensuing  three  years;    and   (3)  the  remainder 
of  all  capital  charges  may  be  met  from  tax  levied  on  the  basis 
of  assessed  value  of  property  within  the  District  to  the  extent 
permitted  by  law,   with  the  expectancy  that  this  tax  burden  will 
diminish  progressively  as  the  use  of  water  approaches  the  total 
of  the  Aqueducts'    supplies." 

Because  this  resolution  is  set  forth  in  broad  terms,  varying 
interpretations  can  be  made  by  the  Depaurtment.     As  of  I963,  the  price  of 
the  District's  water  had  been  established  through  I967.     To  develop  a 
pricing   schedule  for  water  during  the  study  period,   I963  through  1990, 
studies  were  made  to  predict  the  cost  of  water  from  I967  through  1990. 
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In  order  to  provide  a  range  of  economic  data  for  the  alternative 
plans  of  operation,  three  pricing  schedules  were  determined,  based  on  the 
three  different  sets  of  assumptions  considered  to  be  likely  \inder  existing 
policies  and  conditions.  These  are  designated  as  price-of -water  studies 
Nos.  I,  II,  and  III.  The  major  difference  among  the  three  price-of -water 
studies  was  in  the  approach  used  in  paying  for  the  District's  expenditures 
after  19^7 •  In  price-of -water  study  No.  I,  it  was  assumed  that  all  the 
District's  expenditirres  will  be  borne  by  the  revenue  from  the  sale  of 
water  after  1969.  For  price-of -water  study  No.  II,  it  was  assumed  that  all 
the  deficiency  in  revenue  will  be  borne  by  revenue  from  an  ad  valorem  tax. 
For  price-of -water  study  No.  Ill,  it  was  assumed  that  the  ad  valorem  tax 
was  fixed  to  cover  50  percent  of  the  capital  cost  of  the  facilities  and 
the  remaining  portion  of  the  expenditures  will  be  borne  by  revenue  from 
the  sale  of  water.  Table  7-7  shows  a  s\immary  of  assumptions  for  the 
three  price-of -water  studies. 

The  basic  assumptions  on  which  the  three  price-of -water  studies 
were  based  were:  all  users  will  be  charged  an  equal  vmit  price  for  un- 
treated water  regardless  of  the  source  of  water  —  Colorado  River  water 
or  State  Water  Project  water;  cost  of  treating  raw  water,  such  as  softening 
and  filtering,  will  be  charged  as  a  siircharge  only  to  the  users  of  treated 
water;  the  price  of  water  will  be  as  established  by  the  District  until 
1967  but  after  that  the  price  will  be  different  under  each  price-of -water 
study;  and  the  unit  water  prices  charged  for  like  water  used  for  different 
purposes  will  have  no  differential. 
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TABLE  7-7^ 
SUMIIARY  OF  ASSUI-tFTIONS  FOR  FRICE-OF-WATER  STUDY 


Assumptions  common  to  all  three  prlce-of-vater   studies 

1.  The  State  Water  Project  aqueduct   system  will  be  constructed   according  to  the   schedule  outlined    in  Plan   3 
of  the  Deoartroent  of  V/ater  Resources  office  report,    "A  Study  of  the  Optimum  Division  and  Timing  of 
Water  Deliveries  Betveen  East  and  West  Branches  of  the  California  Aqueduct, "   March  19o?. 

2.  The  distribution  system  will  be  constructed  according  to  the  construction  schedule  outlined   in  case 
No.    7  of  The  Metropolitan  V/ater  District  of  Southern  California  Report  No.    60?. 

3.  All  users  will  be  charged   an  equal  unit   rate   for  untreated   water,    and  cost  of  treating   raw  water  will 
be  charged  only  to  the  users  of  treated  water. 

1».     The  water  rates  until   19b7  will  be  those  already  established  by  the  District. 


Assumptions  for 
?rice-of -Water  Study  Ho.    I 


Assumptions  for 
Price-of -Water  Study  No. 


II 


Assumptions  for 
Prlce-of -Water  Study  Ho. 


Ill 


I-l     The  amount  of  water  imported 
by  the  District  to   its 
service  area  will  be  as   spe- 
cified  in  the  District's 
Report  No.    ->02. 


I-P     The  price  of  water  after 
19<j7  will   increase  at  the 
historical   rate  until   19-'9 
at  which  tine  the  price   is 
to  be  equal  to  the  cost  of 
importing  water. 


II-l     The  amount   of  water   imported        III-l     The  amount  of  water   imported 


II-? 


by  the  District  to   its 
service  area  will  vary  in 
direct  proportion  to  the 
variation  in  amount  of 
imported   water  to  the 
Coastal  Plain. 

The  prices  of  water  vrill  be 
as  established   in  Price-of - 
V/ater  Study  No.    I.      Defi- 
ciency  in  revenue  will  be 
borne  by  ad  valorem  tax 
revenue. 


III-? 


by  the  District  to   its 
service  area  will  vary  in 
direct  proportion  to  the 
variation  in  amount  of 
imported   water  to  the 
Coastal  Plain. 

Fifty  percent  of  the 
capital  cost  will  be  borne 
by  ad  valorem  tax   revenue, 
and  the   remaining  cost  of 
importing  water  will  be 
borne  by   sales  revenue. 


1/  Reproduced  from  Chanter  II. 


In  conducting  the  study,  the  amount  of  tax  revenue  originating 
from  the  Coastal  Plain  was  not  initially  included  in  the  cost  of  water 
service  but  was  subsequently  added  to  the  total  cost  of  operation  after 
the  costs  of  all  other  items  were  determined. 

The  cost  of  water  included  the  cost  of  the  District's  facilities 
and  State  Water  Project  costs  that  will  be  allocated  to  the  District. 
Supporting  data  were  found  in  the  Department  of  Water  Resources  office 
report,  "A  Study  of  the  Optimum  Division  and  Timing  of  Water  Deliveries 
Between  East  and  West  Branches  of  the  California  Aqueduct",  March  I962, 
(hereinafter  referred  to  as  DWR  Office  Report)  and  the  District's  Report 
No.  802. 
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The  components  of  the  three  price  studies  were  the  following: 
the  unit  cost  of  water,  the  present  worth  of  monies  to  pay  for  water 
treatment  facilities,  and  the  present  worth  of  taxes  levied  on  its  member 
agencies.  Cost  analyses  were  made  for  the  period  between  196O-2037  on  a 
k   percent  interest  rate.  The  ending  year,  2037^  which  is  fifty  years  after 
the  last  construction  date,  was  chosen  because  it  is  the  date  of  final 
payment  for  the  projects  involved.  The  interest  rate  and  the  year  of  the 
last  payment  were  the  same  as  those  used  in  the  reports  mentioned  earlier. 

The  unit  price  of  untreated  water  was  determined  by  dividing  the 
present  worth  of  the  cost  of  delivering  the  water  from  i960  to  2037  hy  the 
product  of  the  volume  of  the  scheduled  water  deliveries  for  the  same  period 
and  present  worth  factors;  this  was  done  to  make  the  volume  comparable  to 
the  present  worth  of  the  cost.  The  product  is  referred  to  as  the  discounted 
volume  of  the  scheduled  water  delivery;  in  succeeding  discussions  this  will 
be  referred  to  as  discounted  volume  for  convenience. 

A  surcharge  for  treatment  was  added  to  the  unit  price  of  untreated 
water  to  determine  the  price  of  filtered  and  softened  water. 

Based  on  these  calculated  unit  prices,  the  pricing  schedule  of 
the  District's  water  was  estimated  for  its  member  agencies  in  the  Coastal 
Plain  for  untreated,  filtered,  and  filtered  and  softened  water  for  artificial 
recharge,  agricultural,  domestic  and  other  ■uses  from  1963  through  1990- 
The  prices  of  water  to  1967,  which  have  been  established  by  the  District, 
were  incorporated  in  the  above-mentioned  schedule. 

Capital  cost,  minimum  operation  and  maintenance  cost,  and  variable 
operation  and  maintenance  cost,  included  in  the  determination  of  the  unit 
price,  are  defined  below: 
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1.  Capital  cost  includes  the  cost  of  construction,  surveys, 
engineering  studies,  exploratory  work,  designs,  preparation  of  construction 
plans  and  specifications,  acquisition  of  lands,  easements  and  rights-of-way, 
and  relocation  work,  except  for  monies  spent  on  treatment  plant  facilities. 

2.  Minimiun  operation  and  maintenance  cost  includes  the  cost  of 
minimvun  operation  and  maintenance,  power  capacity  and  replacement,  except 
for  treatment  plant  facilities.   (This  cost  is  incvirred  irrespective  of  the 
amount  of  water  delivered. ) 

3.  Variable  operation  and  maintenance  cost  includes  the  cost  of 
operation,  maintenance,  power  replacement,  and  treatment.   (This  cost  is 
incurred  in  an  amoxint  which  is  dependent  upon  and  varies  with  the  amount 
of  water  delivered. ) 

The  present  worth  of  the  ad  valorem  tajc  assessment  was  determined 
for  each  price-of -water  study.  This  assessment  was  required  in  all  three 
studies  because  the  unit  price  of  water  did  not  entirely  pay  for  the  cost 
of  importing  the  water.   In  this  analysis  the  cost  of  treatment  was  levied 
only  on  the  agencies  that  were  assumed  to  use  treated  water.   In  price-of - 
water  study  Nos.  II  and  III  the  treatment  facilities  were  not  fully  utilized 
for  the  alternative  plans  of  operation;  therefore,  only  the  areas  for  which 
the  facilities  were  constructed  were  assessed  for  them. 

A  detailed  description  is  presented  below  for  each  of  the  three 
price-of -water  studies  to  estimate  the  District's  futiare  pricing  schedule 
of  water,  including  the  tax  assessment  on  the  Coastal  Plain. 

Price-of -Water  Study  No.  I 

In  study  price-of -water  No.  I,  it  was  assumed  that  the  member 
agencies  of  the  District  would  pay  100  percent  of  the  cost  of  water  directly 

-259- 


to  the  District  through  unit  prices  without  resorting  to  tax  revenues  soon 
after  their  present  price  schedule  expires  in  1966-67.  Additional  assump- 
tions for  this  study  are  summarized  in  Table  J-J.      In  determining  the  price 
of  water,  an  analysis  was  made  of  the  entire  cost  of  the  future  water  ser- 
vice of  the  District.  This  included  the  cost  of  water  service  between 
i960  and  2037  from  the  Colorado  River  and  the  State  Water  Project. 

Colorado  River  Water.   To  estimate  the  future  cost  of  the 
Colorado  River  water  sold  in  the  Coastal  Plain,  the  following  items  were 
considered: 

1.  Long-term  obligations,  which  represent  the  cost  of  existing 
facilities  and  annexation  payments  to  the  District  as  of  June  30,  I96O, 
considered  as  asset; 

2.  Present  worth  of  capital  cost  of  future  expansion  of  the 
District's  Colorado  River  Aqueduct  system; 

3.  Present  worth  of  the  operation  and  maintenance  cost  of  the 
present  and  future  facilities  of  the  District; 

k.     Present  worth  of  variable  cost  of  Colorado  River  water, 
excluding  treatment  cost;  and 

5.  Unit  variable  cost  of  treatment  of  Colorado  River  water. 

The  information  on  long-term  obligations  by  the  District  and 
annexation  payments  to  it  as  of  June  30,  I960,  was  obtained  from  the 
District's  Twenty-Second  Annual  Report  dated  i960,  except  for  the  esti- 
mated bonds  that  were  outstanding  on  the  La  Verne  Treatment  Plant.   Part  1 
of  Resolution  5821  states  that  the  annexation  charges  will  be  used  initially 
to  reduce  the  bonded  indebtedness.  When  the  annexation  charges  and  the 
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estimated  bonds  that  were  outstanding  on  the  La  Verne  Plant  were  subtracted 
from  the  bond  charges,  the  remaining  long-term  obligations  eqixaled  $89,323,000. 

The  present  worth  of  capital  cost  of  future  expansion  of  the 
District's  system  was  based  on  data  obtained  from  the  District's  Report 
No.  802,  Table  VII-C,  Financial  Analysis  for  Case  VII.  The  future  system 
assxamed  for  this  study  is  the  alternative  system  provided  for  the  assumed 
State  Water  Project,  in  which  East  and  West  Branch  each  has  a  delivery 
capacity  of  750,000  acre-feet  per  yeaj:.  The  total  present  worth  of  the 
capital  cost  of  the  future  expansion  of  the  District's  system  from  i960 
to  2037  at  k   percent  interest  equaled  $288,390,000. 

The  present  worth  of  the  minimim  operation  and  maintenance  cost 
of  the  District's  present  and  future  system  included  the  cost  of  the 
following  items : 

1.  Pumping  water 

a.  Operation  and  maintenance  of  pumping  plant 

b.  Operation  and  maintenance  of  electrical  transmission 

lines 

2.  Delivery  and  distribution 

a.  Operation  and  maintenance  of  main  aqueduct 

b.  Operation  and  maintenance  of  distribution 

reservoirs  and  lines 

3.  Communication 

a.  Operation  and  maintenance  of  telephone  system 

b.  Operation  and  maintenance  of  radio  communication 

k.     Administration 

5.  Depreciation 
The  minim\im  operation  and  maintenance  cost  was  determined  by  multiplying 
each  prior  year's  accumulated  construction  cost  by  1.5  percent.  This  is 
the  same  factor  \ased  by  the  District  in  Report  No.  802  in  estimating  the 
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minimum  operation  and  maintenance  cost  of  its  facilities.  The  present 
worth  of  total  operation  and  maintenance  cost  of  the  District's  facilities 
from  i960  to  2037,  at  h   percent  interest,  equaled  $2^,823,000. 

The  variable  cost  of  Colorado  River  water  included  the  price  of 
water  at  Parker  Dam  and  the  pumping  cost  from  Parker  Dam  to  Lake  Mathews 
but  did  not  include  the  cost  of  treatment.  The  District  pays  the  U.  S. 
Bureau  of  Reclamation  $0.25  per  acre-foot  for  water  diverted  from  the 
Colorado  River.  Pumping  cost  from  Lake  Havasu  to  Lake  Mathews  is  approx- 
imately $7 •12  per  acre-foot.  The  cost  is  a  weighted  average  of  the  pumping 
costs  resulting  from  three  different  power  sources  used  by  the  District 
to  deliver  up  to  l,l80,000  acre -feet  of  Colorado  River  water  to  its  member 
agencies.  The  total  present  worth  of  the  variable  cost  of  this  water  from 
i960  to  2037,  not  including  treatment  cost,  equaled  $211,1+03,000. 

The  pumping  cost  will  vary  to  some  extent  in  the  future  due  to 
varying  rates  charged  by  the  Southern  California  Edison  Company  and  the 
U.  S.  Bureau  of  Reclamation  for  energy  generated  at  Hoover  and  Parker  Cams. 
However,  these  energy  rates  were  assumed  fixed  for  this  study.  A  peak 
capacity  standby  charge,  which  varies  with  the  amount  of  power  required  by 
the  District,  is  included  in  all  three  energy  rates. 

The  variable  unit  cost  data  for  the  water  treatment  were  for  the 
District's  La  Verne  Treatment  Plant,  which  has  a  softening  and  filtering 
capacity  of  1+00  MOD.  The  cost  of  filtering  at  the  R.  B.  Diemer  Plant  was 
assumed  to  be  the  same  as  the  filtering  cost  at  the  La  Verne  Treatment 
Plant.  The  softening  cost  is  the  cost  to  reduce  the  hardness  of  water  to 
approximately  125  ppm.  When  the  plant  is  operating  at  capacity,  approx- 
imately two-thirds  of  the  water  is  softened  to  between  0  and  5  ppn  hardness 
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and  this  volume  is  mixed  with  the  remaining  one-third  of  the  water,  resulting 

in  a  total  hardness  of  125  ppm.  The  following  chemical  cost  data  pertain 

to  this  mode  of  operation: 

Cost 
Item  per  acre -foot 

Cost  of  treatment  (softening  and  filtering 

including  0  &  M  and  amortization  $8.^ 

Cost  of  treatment  (softening  and  filtering) 

minus  0  &  M  and  amortization  4.30 

Cost  of  softening  including  0  &  M  and  aonortization  4.80 

Cost  of  softening  minus  0  &  M  and  amortization  3»63 

Cost  of  filtration  including  0  &  M  and  amortization  3«60 

Cost  of  filtration  (includes  chlorine,  coagulants, 

and  power)  minus  0  &  M  and  amortization  O.67 

The  unit  cost  of  treating  the  District's  water  was  assumed  to 
be  constant  during  the  study  period  even  though  Colorado  River  water  and 
State  Water  Project  water  will  be  mixed.  The  total  hardness  due  to  ceilciiam 
carbonate  of  State  Water  Project  water  is  expected  to  be  lower  than  that 
of  Colorado  River  water  and  any  intermingling  of  the  two  waters  would  result 
in  a  net  decrease  in  the  total  hardness  of  the  mixed  water  under  that  of 
Colorado  River  water.   Due  to  the  development  of  the  Uppier  Colorado  River 
Basin,  an  increase  in  the  total  hardness  of  Colorado  River  water  is  expected. 
However,  it  was  assumed  for  this  study  that  any  future  intermingling  with 
State  Water  Project  water  would  not  increase  the  total  hardness  of  the 
mixture  over  the  present  total  hardness  of  Colorado  River  water.   It  follows 
from  the  foregoing  assumptions  that  the  unit  cost  of  treatment  of  Colorado 
River  water  would  not  change  due  to  a  change  in  the  total  hardness  of  the 
water  supply. 
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state  Water  Project  Water.  To  estimate  the  State  Water  Project 
cost  allocated  to  the  District,  the  following  costs  were  considered: 

1.  Present  worth  of  capital  cost; 

2.  Present  worth  of  minimxim  operation  and  maintenance  cost; 

3.  Present  worth  of  variable  operation  and  maintenance  cost;  and 

4.  Unit  variable  cost  of  treatment. 

The  capital  cost  allocated  to  the  District  included  the  Delta 
water  charge  and  peirt  of  the  capital  cost  of  the  transportation  facilities 
from  the  Delta  to  Perris  and  Castaic  Reservoirs.  The  capital  cost,  opera- 
tion and  maintenance  cost,  and  variable  cost  assumed  for  this  investigation 
were  the  same  as  the  costs  developed  for  the  DWR  Office  Report.   It  was 
assumed  that  the  power  credit  derived  from  the  sale  of  electricity  at 
Oroville  Dam  would  be  applied  to  the  variable  and  minimum  operation  and 
maintenance  costs  of  the  Delta  water  charge  before  being  applied  to  the 
capital  cost.  Because  the  power  credit  is  greater  than  the  VEiriable  and 
minimum  operation  and  maintenance  costs  and  because  the  variable  and  minimum 
operation  and  maintenance  costs  of  the  Delta  water  charge  were  considered 
to  be  zero,  the  excess  was  applied  to  the  total  capitaJ.  cost.  The  present 
worth  of  total  capital  cost  of  the  State  Water  Project  allocated  to  the 
District  equaled  $566,603,000. 

The  operation  and  maintenance  cost  component  of  the  transportation 
charges  of  the  State  Water  Project  allocated  to  the  District  included  a  part 
of  the  cost  of  those  transportation  facilities  from  the  Delta  to  Perris  and 
Castaic  Reservoirs.  The  total  present  worth  of  minimum  operation  and  main- 
tenance cost  of  the  State  Water  Project  allocated  to  the  District  was 
$127,9^+9,000. 
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The  vsLTiable  operation  and  naintenance  cost  component  of  the 
transportation  charges  was  comprised  of  the  vB,riable  cost  of  the  trans- 
portation facilities  to  be  allocated  to  the  District  and  the  cost  of 
treatment,  charged  only  to  the  users  of  treated  water.  The  variable  opera- 
tion and  maintenance  cost  component  of  the  transportation  charge  included 
the  cost  of  the  following  items:  energy  from  Pumping  Plant  No.  1  to 
Castaic  and  Perris  Reservoirs,  power  generating  facilities,  and  losses 
due  to  evaporation  and  seepage.  The  total  present  worth  of  variable  cost 
allocated  to  the  District  was  $379,366,000. 

The  cost  of  softening  and  filtering  State  Water  Project  water 
is  based  on  the  cost  of  treating  Coloreuio  River  water.  (The  cost  of 
softening  State  water  mixed  with  Colorado  River  water  was  discussed  earlier 
in  the  section  on  treatment  of  Colorado  River  water.) 

The  variable  costs  of  filtering  State  Water  Project  water  included 
the  cost  of  coagulants,  chlorine,  and  power.  The  cost  of  this  treatment 
was  estimated  to  be  $1.50  per  acre-foot.  This  cost  is  $0.83  per  acre-foot 
higher  than  the  cost  of  comparable  treatment  of  Colorado  River  water  because 
of  the  expected  higher  suspended  matter  in  State  Water  Project  water  which 
will  require  continuous  coagulation  and,  therefore,  more  chemicals.  The 
cost  of  operation,  maintenance,  and  amortization  of  the  treatment  facilities 
was  assumed  to  be  the  same  as  that  of  the  La  Verne  Treatment  Plant.  The 
total  cost  of  treating  State  Water  Project  water,  which  includes  the  cost 
of  chemiceLLs,  rapid  sand  filtration,  operation  and  maintenance,  and  aunor- 
tization,  was  $4.^3  per  acre-foot.  For  this  study,  the  future  surcharge 
for  filtering  water  was  assumed  to  be  the  same  as  that  required  to  filter 
State  Water  Project  water. 
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In  determining  the  unit   cost  of  varioxis  items  thus  fax  discussed, 
the  present  worth  of  the  totsil  cost  of  each  item  during  the  repayment 
period  was  divided  by  the  discounted  volume  of  the  imported  water  delivered 
by  the  District  during  the  repayment  period.  The  discounted  volume  of 
Colorado  River  water  to  be  diverted  and  utilized  by  the  District's  member 
agencies  from  i960  to  2037 j  at  4  percent  interest,  was  estimated  to  be 
18,108,000  acre-feet.  The  total  discounted  volume  of  imported  water 
deliveries  (^,792,000  acre-feet)  was  based  upon  data  in  the  DWR  Office 
Report . 

A  summary  of  the  data  developed  on  Metropolitan  Water  District's 
capital  cost,  minim-um  operation  and  maintenance  cost,  unified  variable 
operation  and  maintenance  cost,  and  treatment  cost  is  presented  below. 
Capital  cost: 


1.  The  District's  long-term  obligations 
less  treatment  facilities  and  annex- 
ation charges,  June  30j  19^0 

2.  The  District's  present  worth  of 
capital  cost  for  future  facilities 
(1960-2037) 

3.  Present  worth  of  capital  cost  of  the 
State  Water  Project  allocated  to  the 
District 

Total  present  worth  of  capital  cost  of  the 
State  Water  Project  to  be  paid  by  the 
District,  plus  the  cost  of  its  future 
facilities 

Discounted  voliune  of  imported  water 
deliveries 


Unit  capital  cost 


=  $  89,323,000 


288,390,000 


=  566,603,000 


=  $9i<ii,  316,000 


k6j92,000 
acre-feet 

$20.18  per 
acre- foot 
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Minimum  operation  and  maintenance  cost: 

1.  Present  worth  of  operation  and  maintenance 
cost  of  present  and  future  District 
facilities  (196O-2037) 

2.  Present  worth  of  operation  and  maintenance 
cost  of  the  State  Water  Project  to  be 
allocated  to  the  District 

Total  present  worth  of  minimum  operation  and 
maintenance  of  the  State  Water  Project  to  be 
allocated  to  the  District,  plus  the  cost  of 
its  present  and  future  facilities 

Disccxinted  volume  of  inqiorted  water  deliveries 


Unit  minimum  operation  and  maintenance  cost 

Unified  variable  operation  and  maintenance  cost: 

Total  present  worth  of  variable  cost  of 
Colorado  River  water 

Total  present  worth  of  variable  cost  of 
State  Water  Project  water 

Total  present  worth  of  variable  cost 

Discounted  volume  of  imported  water  deliveries 


Unified  variable  operation  and  maintenance  cost  = 


=  $2l+i|,323,000 


=     127,9^9.000 


=  $372,772,000 


1*6,792,000 
acre -feet 

$7.97  per 
acre-foot 


=  $211,U03,000 


379,366,000 

$590,769,000 

46,792,000 
acre-feet 

$12.62  per 
acre-foot 


Treatment  cost: 


Unit  treatment  cost  for  filtration  chemicals, 
power,  operation,  maintenance,  and  replacement 


$i|.U3  per 
acre -foot 


Unit  treatment  cost  for  softening,  filtration, 
chemicals,  power,  operation,  maintenance,  and 
replacement 


$8.i+0  per 
acre -foot 


Schedule  of  Water  Prices.  Water  prices  for  imported  Colorado 
River  water,  shown  in  Table  7-8  have  been  established  in  the  past  and 
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proposed,   until  June  30.   I967.  by  the  District's  Resolittions  3^ky  and 

6129.     To  deten^ne  zhe  vater  prices  ths*  vill  'ze  raid  by  the  nezier 
agencies  dixectly  tc  z^e  District  "betWBea  19^7  ajii  I??;.,    z'ze  rreser.-: 
vs.-er  price  sched'ole  z^t  -.:  'ze  anal;.-2.ei.     TSae  District's   es^ablisiiei  ard. 
proposed  water  prices  sieving  continued  rises  be~«5en  l^^C  and  19^7  are 
plotted  on  Fig-ore  7-l(A)   as  solid  lines.     The  rises  will  be  li-iited  by 
the  -onit  costs   of  waters  when  10"  percent  of  the  District's  entire  expen- 
dit".2-e  is  borne  by  the  revenue  fron  -one  sale   of  wax^r.      Tne  approxioa^e 
upper  limit  of  unit  prices  was  governed  by  the  unit  cost  of  water  deter- 
niine-d  "jnder  ass'^mrnions  s~a~ed  nreviouslv.     Tc  csLLc'olate  zh.e  "onit  cost 
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of  water,  the  present  worth  of  the  District's  expenditures  were  determined 
between  i960  and  2037  on  facilities  constructed  from  i960  through  I987  to 
meet  the  1990  water  demand.  The  unit  cost  of  untreated  water  was  obtained 
by  determining  the  disco\mted  volume  of  State  Water  Project  water  and 
Colorado  River  water  delivered  to  the  District's  service  area  between 
19^0  and  2037  aJid.  by  dividing  this  quantity  into  the  present  worth  of  the 
District's  expenditures  between  I960  and  2037*  The  surchaurge  for  treated 
water  was  obtained  by  adding  the  unit  cost  of  treatment  to  the  unit  cost 
of  untreated  water. 

The  present  worth  and  unit  costs  of  State  Water  Project  and 
Colorado  River  waters  imported  into  the  Coastal  Plain  from  I960  to  2037 
are  as  follows : 


1.   (a)  Present  worth  of  capital  cost 
and  bond  cost 

(b)  Unit  capital  cost 


2.   (a)  Present  worth  of  minimum 

operation  and  maintenance  cost 

(b)  Unit  minimum  operation  and 
maintenance  cost 


3.  (a)  Present  worth  of  variable  operation 
and  maintenance  cost  less  treatment 
cost 

(b)  Unit  variable  operation  and 

maintenance  cost  except  for  treatment 


(c)  Unit  treatment  cost  for  filtration, 
chemicals,  power,  operation, 
maintenance,  and  replacement 


=  $91+4,316,000 

$20.18  per 
acre-foot 


=  $372,772,000 


$7.97  per 
acre-foot 


=  $590,769,000 


$12.62  per 
acre-foot 


$4.43  per 
acre-foot 
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(d)  Unit  treatment  cost  for  softening, 
filtration,  chemicals,  power, 

operation,  maintenance,  and  replacement  =    $8.40  per 

acre-foot 


Summation 

(a)  Present  worth  of  total  cost  except 
treatment  cost 

(b)  Unit  cost  of  water 

(1)  Untreated  water 

(2)  Filtered  water 

(3)  Softened  and  filtered  water 


=  $1,907,857,000 


$40.77  per 
acre -foot 

$45.20  per 
acre-foot 

$49.17  per 
acre-foot 


The  unit  price  for  untreated,  filtered,  and  filtered  and  softened 
water,  when  the  District's  member  agencies  pay  100  percent  of  the  cost  of 
water  directly,  are  plotted  on  Figure  7-i-^  as  dashed  horizontal  lines. 
The  established  and  proposed  water  prices  are  also  plotted  on  Figiire  7-lA 
as  solid  lines  and  are  extrapolated  by  dashed  straight  lines  at  a  constant 
slope.  The  intersections  of  these  three  lines  with  their  upper  limits, 
the  horizontal  lines,  occur  in  all  cases  during  the  year  1969*  Each  inter- 
section indicates  time  when  the  District's  member  agencies  will  pay  the 
same  unit  price  as  the  unit  cost  of  water  directly  to  the  District.  The 
District's  water  prices  to  its  member  agencies  for  water  used  for  agri- 
culture and  ground  water  replenishment  aire  also  plotted  on  Figure  7-lA. 
The  price  differential  between  waters  destined  for  domestic  and  industrial 
use  and  agriculture  and  ground  water  replenishment  proposed  by  the  District 
will  be  $l4.00  per  acre-foot  in  1966-67.  Because  the  District  has  not  made 
a  price  schedule  for  water  after  1966-67,  it  was  assumed  that  the  domestic 
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water  price  schedvile  would  be  used  as  the  price  schedule  for  agricultural 
and  recharge  waters  after  I966-67. 

The  unit  prices  for  untreated,  filtered,  and  filtered  and  softenec 
water  used  for  domestic  and  ground  water  replenishment  purposes  between 
1967  and  1990  were  obtained  from  Figure  7-IA  and  the  District's  established, 
proposed,  and  estimated  water  prices  to  member  agencies  in  the  Coastal  Plait 
are  shown  in  Table  9  in  Chapter  II. 

The  lines  on  Figure  7-lB  were  plotted  to  indicate  the  unit  price 
of  water  within  the  Coastal  Plain  when  the  District's  member  agencies  pay- 
varying  percentages  of  the  capital  cost  as  direct  charges  for  purchase  of 
water  (the  remaining  portion  of  the  total  cost  was  assumed  to  be  paid  by 
tax  levies).  Also  plotted  on  this  graph  are  the  District's  water  prices 
established  up  through  19^6,  at  which  time  the  member  agencies  will  be 
paying  between  55  and  58  percent  of  the  total  capital  cost  of  the 
District's  facilities. 

Taxes.  Because  revenue  from  the  established  unit  prices  of 
water  will  be  insufficient  to  pay  for  the  entire  cost  of  facilities  between 
1963  and  1969,  taxes  will  be  levied.  Regardless  of  the  plan  of  operation, 
the  annual  taxes  to  be  paid  by  the  Coastal  Plain  were  assumed  to  be  the 
same  for  all  the  alternative  plans  studied  under  this  price-of -water  study. 
The  present  worth  of  taxes  is  the  repayment  required  now  for  the  facilities 
between  I963  and  19^9^  less  the  money  obtained  from  the  sale  of  water. 
The  present  worths  of  tsixes  which  will  be  paid  by  the  taxpayers  of  the 
CoastaJ.  Plain  were  determined  by  multiplying  the  ratio  of  projected  assesse 
valuation  of  the  Coastal  Plain  to  the  projected  total  assessed  valuation 
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of  the  District's  total  service  area  for  each  year  by  total  money  to  be 
supplied  by  taxation.  The  present  worth  of  the  taxes  to  be  paid  by  the 
Coastal  Plain  from  I963  to  I969  equaled  $53,3^,000. 

Price-of -Water  Study  No,  II 

The  five  plans  of  operation  that  were  selected  for  detailed 
discussions  in  this  report  were  analyzed  under  the  assumptions  made  for 
price-of -water  study  No.  II.  This  analysis  was  made  to  ascertain  the 
effect  on  the  total  cost  of  operation  from  19^3  through  1990  when  the 
unit  prices  of  water  are  held  the  sajne  as  in  price-of -water  study  No.  I 
and  the  amount  of  water  imported  to  the  District's  service  area  is  reduced 
in  proportion  to  the  reduction  of  the  District's  water  delivered  to  the 
Coastal  Plain.  The  unit  prices  of  water  under  price-of -water  study  No.  I 
are  shown  in  Table  9,  Chapter  II. 

Because  of  the  fixed  price  of  water  schedule,  the  reduction  in 
the  amount  of  imported  water,  and  the  fixed  amount  of  revenue  needed  for 
the  facilities,  deficiencies  in  revenue  to  repay  for  the  facilities  occurred 
for  all  the  plans  of  operation  that  were  analyzed.  These  deficiencies  were 
considered  to  be  made  up  by  the  ad  valorem  tax  levied  ujxDn  the  assessed 
valviation  of  the  District's  source  area. 

The  amounts  of  ad  valorem  tajc  raised  from  the  Coastal  Plain  were 
determined  in  terms  of  present  worths  so  that  they  may  be  added  to  the 
present  worths  of  toteil  cost  of  operation  for  comparison.  The  present 
worths  of  the  ad  valorem  tax  revenue  postulated  to  be  raised  from  the 
Coastal  Plain  were  determined  by  first  establishing  the  present  worths 
needed  from  the  District's  entire  service  area  and  multiplying  this  sjnount 
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with  the  ratio  of  the  assessed  valuation  of  the  Coastal  Plain  to  that  of 

the  entire  District.  The  present  worths  of  the  District's  tax  revenue 

needed  were  determined  by  taking  the  difference  between  the  present  worths 

of  revenue  needed  to  repay  for  the  facilities  and  revenue  obtained  by  the 

District  through  the  sale  of  water.  The  ratio  of  assessed  valuation  was 

based  on  the  District's  estimate  of  the  future  assessments  for  their  service 

area.  The  present  worth  of  the  tax  determined  for  each  of  the  five  selected 

plans  for  the  period,  1963  through  1990,  is  shown  in  Table  7-9.  After  1990, 

safe  yield  operations  of  the  ground  water  basins  were  assumed  for  each  plan 

of  operation,  and  the  annual  eunounts  of  water  imported  to  the  Coastal  Plain 

were  considered  to  be  the  same  as  the  amounts  assumed  for  price -of -water 

study  No.  I.  Therefore,  no  ad  valorem  tax  revenue  was  needed. 

TABLE  7-9 

PRESENT  WORTH  OF  AD  VALOREM  TAX  TO  BE  PAID  BY  THE  COASTAL 
PLAIN  OF  LOS  ANGELES  COUNTY  FOR  SELECTED  PLANS  OF  OPERATION  FOR 
PRICE- OF-WATER  STUDY  No.  II 


Selected  plans  of  operation 


Present  worth  of  ad  valorem  tax 

to  be  paid  by  the  Coastal  Plain  of 

Los  Angeles  County 


117-4 
318-5 
117-5 
117-7 
117-11 


$116,627,000 
119,896,000 
130,058,000 
l4l, 604,000 
168,267,000 


Price-of -Water  Study  No.  Ill 

Price-of -Water  Study  No.  Ill  was  made  for  the  selected  plans  of 
operation  to  analyze  the  effects  of  holding  the  ad  valorem  tax  at  50  percen 
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of  the  annual  repayment  of  the  capital  cost  of  facilities,  while  varying 
the  unit  price  of  water  for  the  selected  plans  of  operation, 

Becavise  the  tax  revenue  was  fixed  and  the  amount  of  water  sold 
was  assumed  to  be  reduced  in  proportion  to  the  importation  of  the 
District's  water  in  the  Coastal  Plain,  unit  prices  of  water  had  to  be 
varied  for  each  of  the  five  selected  plans  of  operation  to  raise  adequate 
revenue  to  cover  the  entire  expenditure  of  the  District.  Furthermore, 
because  the  price  of  water  prevailing  before  1990  was  assumed  to  also  pre- 
vail after  that  period,  an  ad  valorem  tax  revenue  was  necessary  from 
1990  to  perpetuity  for  each  plan. 

To  determine  the  unit  rate  of  water  for  each  plan  of  operation, 
the  total  present  worth  of  money  required  from  the  water  users  directly 
from  1963  "to  2037  was  divided  by  the  discounted  voliome  of  water  imported 
by  the  District  for  each  plan  of  operation.  The  total  present  worth  of 
money  that  is  required  from  all  the  member  agencies  of  the  District  directly 
was  determined  by  multiplying  the  discounted  volume  of  the  imported  water 
delivery  assumed  in  price-of -water  study  No,  I  by  one-half  of  the  unit 
capital  cost  plus  the  unit  minimum  operation  and  maintenance  cost.  The 
unit  prices  of  water  for  the  five  selected  plans  of  operation  are  shown 
in  Table  7-10. 

The  present  worths  of  the  ad  valorem  tax  to  be  raised  from  the 
Coastal  Plain  were  determined  for  the  period  from  I963  through  1990  and 
from  1990  to  perpetuity.  Becaxise  the  water  prices  have  been  established 
through  1967,  the  amount  of  money  to  be  raised  from  the  tax  equals  the 
difference  in  the  amount  of  money  required  for  repayment  of  the  system  and 
the  amovmt  of  revenue  obtained  from  the  sale  of  water.  After  I967,  the 
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TABLE  7-10 

PRESUMED  WATER  RATES  OF  THE  METROPOLITAN  WATER  DISTRICT  OF 

SOUTHERN  CALIFORNIA  BETWEEN  I967  AND  I99O 

IN  THE  OPERATIONMi-ECONOMIC  STUDY  OF  THE  GROUND  WATER  BASINS 

IN  THE  COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY  FOR 

PRICE-OF- WATER  STUDY  No.  Ill* 

In  dollars  per  acre-foot 


Alternative  Plans 


For  domestic,  industrial,  agricultiiral,  and 
ground  vater  replenishment  uses 


Untreated 


Filtered 


Filtered  and 
softened 


Plan  No.  318-5 

$33.25 

$37.25 

$41.25 

Plan  No.  117-i^ 

33.14 

37.14 

41.  U 

Plan  No.  117-5 

33.68 

37.68 

41.68 

Plan  No.  117-7 

34.15 

38.15 

42.15 

Plan  No.  117-11 

35.42 

39.42 

43.42 

^Established  and  proposed  water  rates  from  1962  to  I967  used  for 
study  No.  Ill  are  the  same  as  those  used  in  study  Nos.  I  and  II 
which  are  given  in  Table  8  in  Chapter  II, 


tax  revenue  required  is  equal  to  the  discounted  volume  of  the  water  deliv- 
eries through  1990  or  pearpetuity  multiplied  by  one-half  the  unit  capital 
cost  of  water.  The  present  worths  of  ad  valorem  tax  to  be  paid  by  the 
CoastsUL  Plain  from  I963  through  1990  and  from  I963  to  perpetuity  axe  shown 
in  Table  7-11. 

Additional  Costs  for  Treatment  Facilities.  Additional  costs  for 
treatment  facilities  were  considered  to  be  borne  by  the  \isers  of  treated 
water  only.  Because  the  treatment  costs  used  in  this  study  were  based  on 
the  assumption  that  a  fixed  amoxint  of  water  will  be  treated  in  the  future 
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TABLE  7-11 

PRESENT  WORTH  OF  AD  VALOREM  TAX  TO  BE  PAID  BY  THE  COASTAL 
PLAIN  OF  LOS  ANGELES  COUNTY  FOR  SELECTED  PLANS  OF 
OPERATION  FOR  PRICE-OF- WATER  STUDY  NO.  Ill 


Plan  of  operation  '•  I963  to  I99O      •   I963  to  perpetuity 

117-'+  $153,716,000  $235,579,000 

318-5  15^,573,000  236,^+36,000 

117-5  155,625,000  237,^+88,000 

117-7  157,615,000  239,^78,000 

117-11  l60,i+30,0O0  242,293,000 

and  because  the  amounts  treated  for  each  plan  of  operation  varied  from 
1963  through  1990  for  price -of -water  study  Nos.  II  and  III,  the 
deficiency  in  revenue  to  pay  for  the  capital  cost  of  treatment 
facilities  in  the  District  depends  upon  the  alternative  plans.  This 
deficiency  was  considered  to  be  borne  by  the  users  of  treated  water  in 
the  Coastal  Plain  through  a  tax  levy  to  meet  surcharge  requirements. 

The  present  worths  of  the  tax  revenues  required  from  the  Coastal 
Plain  from  I963  through  1990  to  meet  surcharge  requirements  were  estimated 
and  are  shown  in  Table  7-12. 
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TABLE  7-12 

PRESENT  WORTH  OF  TAX  REVENUE  REQUIRED  FROM  THE 

COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY  TO  MEET  SLTRCHi^J^GE  REQUIREMEETS 

FOR  TREATMENT  FACILITIES  FOR  SELECTED  PLANS  OF  OPERATION 

UNDER  PRICE-OF-WATER  STUDY  Nos.  II  AND  III 

Plan  of  operation        [  Present  worth 

117-i)-  $  1461,000 

318-5  1,322,000 

117-5  1,3^1,000 

117-7  2,521,000 

117-11  5,356,000 
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ATTACHMENT  NO.    8 

DETERMINATION  OF  PRESENT  V/ORTHS  OF  CAPITAL  COSTS 
FOR  CONSTRUCTION  OF  FRESffi/ATER-INJECTION  BARRIERS 
Airo  LATERALS;   ADJU3TI>ENT  OF  PUl'iPING  PLAOT  COSTS 


ATTACHMENT  No.  8 

DETERMINATION  OF  PRESENT  WORTHS  OF  CAPITAL  COSTS 
FOR  CONSTRUCTION  OF  FRESHWATER-INJECTION  BARRIERS 
AND  LATERALS;  ADJUS-MENT  OF  PUMPING  PLANT  COSTS 


Introduction 
In  the  study  of  the  planned  utilization  of  ground  water  basins 
in  the  Coastal  Plain  of  Los  Angeles  County,  all   items  affecting  the  total 
cost  of  operation  of  alternative  plans  of  coordinately  utilizing  the 
ground  and  sxirface  water  supplies  and  facilities  were  considered.  Costs 
of  most  items  are  discussed  in  Attachment  No.  ?•  Those  items  that  were 
not  considered  in  Attachment  No.  7  axe:   (l)  freshwater  barrier  facilities 
that  were  deemed  necessary  for  some  of  the  alternative  plans  of  operation, 
but  which  have  been  neither  constructed  nor  proposed  by  the  Los  Angeles 
Coxinty  Flood  Control  District;  (2)  laterals  connected  to  the  primary 
distribution  system  serving  the  Coastal  Plain  (Case  VII  in  Metropolitan 
Water  District's  Report  802)  which  were  not  included  in  the  determination 
of  vinit  cost  of  imported  water;  and  (3)  adjustment  of  pumping  plant  costs 
due  to  the  lowering  of  ground  water  level  elevations  in  the  ground  water 
basin.  Detailed  discussions  will  be  presented  in  this  attachment  on  the 
methods  utilized  to  estimate  present  worths  of  costs  of  these  three  items. 

Additional  Freshwater  Barrier  Facilities 
The  freshwater  barrier  facilities  considered  in  this  section 
supplement  the  barriers  that  have  been  either  constructed  or  proposed  by 
the  Los  Angeles  County  Flood  Control  District.  The  present  worths  of 
costs  of  additional  barrier  feicilities  were  determined  for  each  alternative 
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plan  of  operation  and  added  to  present  worths  of  costs  of  other  items  in 
the  econcoiic  study. 

In  this  aneilysis,  a  survey  of  the  locations  and  capacities  of 
constructed  or  proposed  barrier  projects  was  made.  Then,  based  on  this 
survey,  the  location  and  number  of  additional  faxiilities  were  determined 
and  finally,  present  worths  of  costs  of  these  facilities  were  calculated. 

Siirvey  of  Constructed  or  Proposed  Barrier  Projects 

Since  1953 >  the  Los  Angeles  County  Flood  Control  District  has 
injected  softened  Colorado  River  water  into  a  line  of  wells  located  near 
Manhattan  Beach  to  create  a  freshwater  barrier  against  saline  intrusion. 
In  1963J  the  barrier,  known  as  the  West  Coast  Ba^in  Barrier  Project,  con- 
sisted of  12  injection  wells  along  a  reach  of  about  8,000  feet  parallel 
to  the  coastline.  This  barrier  is  scheduled  to  be  extended  to  provide 
protection  for  approximately  11  miles  of  the  coast  by  I968.  In  addition 
to  the  extension  of  the  West  Coast  Basin  Barrier  Project,  freshwater 
barrier  projects  have  been  authorized  at  Los  Alamitos  and  Dominguez  Gaps. 
Table  6,  in  Chapter  II,  contains  the  lengths  of  the  injection  lines  and 
design  injection  rates  for  each  of  the  proposed  barrier  projects,  while 
Plate  k   shows  the  location  of  these  barrier  projects. 

Location  of  Additional  Barrier  Facilities 

In  addition  to  the  barrier  projects  constructed  or  proposed  by 
the  Flood  Control  District,  other  barrier  facilities  were  considered  to 
be  required  along  the  coastline  from  Santa  Monica  Bay  to  Los  Alamitos  Bay 
under  the  majority  of  alternative  plans  of  operation  studied  in  1963. 
The  locations  of  additionsil  barrier  projects  were  based  on  a  study  of: 
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(1)  geologic  data  on  the  depth  and  location  of  aquifers  along  the  coastline, 

(2)  present  extent  of  sea-water  intrusion,  (3)  future  ground  water  eleva- 
tions as  determined  through  the  use  of  a  mathematical  model  of  the  ground 
water  basins  in  the  CoastaJ.  Plain,  and  (k)   location  of  barrier  projects 
constructed  or  proposed  by  the  Flood  Control  District.  The  locations  of 
the  additioneil  required  barrier  projects  determined  by  this  study  are 
shown  on  Plate  k. 

Additional  freshwater  barrier  facilities  were  necessary  along 
the  coastline  of  the  Santa  Monica  and  West  Coast  Basins,  and  at  Dominguez 
and  Los  Alamitos  Gaps.  The  barrier  facilities  required  along  the  Santa 
Monica  Bay,  referred  to  as  Santa  Monica  Barrier  Project  in  this  attachment, 
followed  rights-of-way  of  existing  streets  and  were  located  so  that  they 
protected  the  area  where  sea-water  intrusion  presently  occurs.  The  suidi- 
tional  facilities  required  for  the  Alamitos  and  West  Coast  Basin  Barrier 
Projects  were  presumed  to  follow  alignments  of  barrier  projects  that  have 
been  constructed  or  proposed.  The  additional  facilities  required  for  the 
Dom^inguez  Barrier  Project  were  considered  to  extend  west  to  the  Palos 
Verdes  Hills  and  east  to  Signal  Hill.  Ail  of  these  additional  freshwater 
barrier  facilities  were  deemed  necessary  to  adequately  protect  the  fresh- 
water-bearing aquifers  in  the  Coastsil  Plain  from  saline  intrusion  under 
plans  of  operation  in  which  the  ground  water  level  along  the  coastline 
is  below  the  sea  water  level. 

Additional  Facilities  Required  for  Each  Barrier  Project 

The  number  and  size  of  additional  facilities  required  for  each 
barrier  project  were  determined  for  assumed  injection  rates.  The  facil- 
ities of  the  barrier  projects  considered  for  this  study  were  supply 
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pipelines,  recharge  wells,  observation  wells,  appurtenances,  pressiire 
regulators,  and  connections  to  the  primary  distribution  system. 

The  facilities  required  for  Santa  Monica,  West  Coast,  and 
Alamitos  Barriers  were  determined  on  the  basis  of  three  assumed  injection 
rates  for  each  project.  The  largest  of  these  injection  rates  was  adequate 
to  meet  the  greatest  reqiiirement  of  the  plans  of  operation  investigated. 
For  Dominguez  Barrier,  however,  the  injection  rates  for  all  plans  of 
operation  v;ere  assumed  to  be  17,000  acre-feet  per  year  initially  for  one 
year  to  create  a  barrier  mound,  and  approximately  ^,000  acre-feet 
per  year  to  maintain  the  freshwater  mound.  This  assumption  was  based  on 
the  geologic  and  hydrologic  information  obtained  during  the  verification 
of  the  mathematical  model  of  the  basins  of  the  Coastal  Plain  of  Los  Angeles 
County. 

For  the  determination  of  supply  pipeline  requirements,  head 
losses  in  the  pipelines  were  assumed  to  be  the  same  as  head  losses  in  the 
supply  pipelines  of  existing  or  proposed  barrier  projects  and  the  delivery 
capacities  of  the  pipelines  were  assTjmed  to  satisfy  the  assumed  injection 
rates.  For  Dominguez  Barrier,  the  supply  pipeline  proposed  by  the 
Los  Angeles  County  Flood  Control  District  was  foimd  to  be  adequate  to 
deliver  the  initial  injection  rate  of  17,000  acre-feet  per  year.  For  the 
determination  of  the  number  of  required  injection  wells,  acceptance  rates 
of  1.0  cfs  per  well  at  Santa  Monica  and  Dominguez  Barriers  and  0.8  cfs 
per  well  at  Los  Alamitos  and  West  Coast  Basin  Barriers  were  based  on  data 
provided  by  the  Flood  Control  District.  An  observation  well  was  also 
placed  between  each  pair  of  injection  wells. 
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Present  Worths  of  Costs  of  Additional  Barrier  Projects 

Present  worths  of  costs  of  additional  facilities  required  for 
each  barrier  project  were  determined.  The  cost  analysis  was  based  on 
unit  cost  data  obtained  from  the  Los  Angeles  County  Flood  Control  District. 
These  unit  costs  are  summarized  in  Attachment  No.  7.  An  interest  rate  of 
U-I/2  percent,  an  appropriate  economic  life  for  each  facility  of  the 
barriers,  and  a  capital  expenditure  date  of  I968  were  assumed  for  the 
determination  of  present  worths  of  costs.  For  each  estimate,  20  percent 
of  the  total  capital  cost  was  included  for  engineering  services  and 
contingencies . 

The  present  worths  of  costs  of  additional  barrier  facilities 
required  for  Santa  Monica,  West  Coast  Basin,  and  Alamitos  Barriers  were 
plotted  against  injection  rates  as  are  shown  on  the  graphs  in  Figure  8-1. 

To  determine  the  present  worths  of  additional  barrier  facilities 
needed  for  a  particular  plan  of  operation,  these  graphs  were  used.  The 
maximum  rate  of  injection  required  during  the  period  from  I963  through 
1990  in  each  plan  of  operation  was  determined  for  each  freshwater  barrier 
project  and  corresponding  present  worths  of  costs  were  obtained  frc«n  the 
graphs.  These  costs,  which  vary  with  each  plan  of  operation,  were  then 
included  in  the  total  cost  of  operation.  The  present  worth  of  additional 
facilities  at  Dominguez  Barrier,  $U82,0C)O,  was  considered  to  remain  the 
same  for  all  plans  of  operation. 

Additional  Laterals  Connected  to  the 
Primary  Distribution  System 

The  laterals  considered  in  this  section  supplement  the  existing 

and  proposed  primary  distribution  system  (Case  VII  in  Metropolitan  Water 
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District's  Report  802).  The  cost  of  additional  laterals  has  not  been 
included  in  the  unit  cost  and  price  of  imported  water.  Present  worths 
of  costs  of  additional  lateralis  were  determined  for  each  alternative  plan 
of  operation  and  added  to  present  worths  of  other  cost  items. 

In  this  analysis,  additional  laterals  were  found  to  be  required 
for  economic  areas  h,   5>  and  8,  which  are  located  in  the  eastern  portion 
of  the  study  area.  In  economic  areas  1,  2,  3>  6,  7,  9>  and  10,  additional 
laterals  were  not  considered  necesseiry.  This  decision  was  based  on  the 
following:   (l)  the  Cities  of  Los  Angeles  and  Long  Beach  have  ample  dis- 
tribution systems  to  meet  their  1990  requirements;  (2)  the  existing 
Metropolitan  Water  District's  lateralis  and  connectors  are  adequate;  and 
(3)  the  present  industrieuL  and  domestic  complex  will  change  only  slightly 
in  the  future. 

Under  the  set  of  assumptions  made  in  this  analysis,  locations 
and  sizes  of  the  additional  laterals  were  determined.  Finally,  capital 
costs  were  developed  and  converted  into  present  worths  of  costs,  and  for 
the  6Lffected  economic  areas,  graphs  were  plotted  to  show  the  relation 
between  the  total  present  worths  and  water  supply  from  the  primary 
surface  distribution  system  in  1990. 

Assumptions 

The  assumptions  under  which  the  locations  and  sizes  of  supple- 
mentary laterals  were  determined  are: 

1.  The  applied  water  demand  in  1990  within  any  economic  area 
was  assumed  to  be  uniformly  distributed  throughout  the  area; 

2.  Additional  latersils  will  contatin  takeout  connectors, 
spaced  2  miles  apart,  and  1  mile  from  the  existing  and  proposed  primary 
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distribution  system,  so  that  the  laterals  will  supply  water  to  an  area 
1  mile  wide  on  sidjacent  sides  of  the  lateral;  and 

3.  The  friction  losses  in  the  laterals  are  limited  to  the 
change  in  ground  surface  elevation  of  the  beginning  and  end  points  of  the 
laterals;  Manning's  roughness  factor  of  the  pipelines  is  assumed  to  be  0.012. 

Determination  of  Location  and  Size  of  Additional  Laterals 

To  determine  the  location  and  size  of  additional  laterals,  each 
economic  area  was  classified  as  having  adequate  or  inadequate  lateral 
facilities  or  distribution  systems.  This  wa^  accomplished  through  the 
use  of  information  obtained  from  personal  interviews  with  major  water 
agencies  in  the  area,  maps  of  existing  secondary  distribution  systems,  and 
analysis  of  the  primary  distribution  system.  The  distribution  of  popula- 
tion and  the  degree  of  industrial  and  domestic  development  were  also 
considered. 

In  those  areas  where  additioneil  laterals  were  required,  they 
were  designed  to  meet  the  1990  peak  monthly  applied  water  demand  in  coor- 
dination with  water  supplied  through  the  ground  water  facilities.  This 
conforms  to  criteria  developed  for  the  design  of  other  water  facilities 
in  this  investigation.  The  design  capacities  of  the  additional  laterals 
were  ba^ed  on  meeting  100,  75 >  50>  an<i  25  percent  of  the  199^  peak  monthly 
water  demands.  These  percentages  were  used  to  determine  the  cost  of 
laterals  for  eill  plans  of  operation.  The  diameters  of  the  laterals  that 
were  determined  by  considering  reasonable  roughness  factors  and  friction 
losses  in  those  laterals  were  comparable  to  the  friction  losses  of  the 
existing  laterals. 
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Method  of  Determinlog  Present  Worths  of  Capital  Costs 

Capital  cost  estimates  of  lateral  feuiilities  were  made  for  four 
assumed  flow  rates.  The  capital  costs  were  converted  to  present  worths 
by  assuming  an  interest  rate  of  U-l/2  percent,  an  economic  life  of  the 
feu:ilities  of  100  yeaxs,  and  a  capital  expenditure  date  of  I963. 

The  capital  cost  estimates  were  based  on  an  average  unit  cost  of 
$1,90  per  foot  of  pipe  per  inch  of  diameter.  This  unit  cost  includes  the 
cost  of  all  appurtenances  and  regulating  stations  and  is  based  in  part  on 
construction  projects  in  residential  areas  vAiich  are  comparable  to 
economic  areas  k,   5,  and  8  in  the  Coastcil  Plain  as  compiled  by  the  City 
of  Los  Angeles  Department  of  Water  and  Power.  Because  the  areas  in  the 
Coastal  Plain  in  which  additional  laterals  were  required  are  residential, 
this  unit  cost  estimate  was  presumed  to  be  reasonable  for  this  study. 

A  graph  showing  the  relationship  between  present  worths  of  costs 
of  additional  lateral  facilities  and  the  percentage  of  water  supply  deliv- 
ered in  1990  by  the  primary  distribution  system  to  economic  areas  ^4-,  5, 
and  8  was  plotted.  Then  the  percentage  of  water  supply  delivei'ed  by  the 
primary  distribution  system  to  these  economic  areas  in  1990  was  determined 
for  each  plan  of  operation,  and  the  graph  was  utilized  to  estimate  the 
present  worth  of  cost  of  lateral  facilities  for  each  plan  of  operation. 
The  graph  for  each  of  the  three  areas  is  shown  in  Figure  8-2. 

Adjustment  of  Pumping  Plant  Costs 
Table  7-2,  Attachment  No.  7,   presents  average  pumping  plant  costs 
for  esich  economic  area,  based  on  average  depths  of  pumping  bowls  and  well 
casings  and  average  diameters  of  wells  existing  in  the  Coastal  Plain  in 
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1962.  These  costs  were  used  to  determine  the  present  worths  of  costs  of 
pumping  facilities  for  each  plan  of  ground  water  operation. 

Though  these  figures  give  a  good  indication  of  the  cost  of 
existing  pumping  plants  in  the  Coastal  Plain,  they  do  not  account  for  the 
conditions  under  which  the  future  pumping  levels  of  ground  water  would  ex- 
ceed the  average  pumping  limits  of  the  1962  wells.  This  condition  occurs 
in  several  of  the  selected  plans  of  operation.  Since  this  vrould  require 
deeper  wells  to  penetrate  to  the  lower  water  levels,  adjustment  of  the 
cost  of  wells  and  pumping  feicilities  was  necessary  to  reflect  the  cost  of 
the  additional  labor  and  parts  required. 

In  this  study,  a  set  of  assumptions  and  a  general  procedure  for 
adjusting  the  pumping  plant  costs  due  to  the  lowering  of  ground  water 
levels  are  presented.  The  adjusted  plant  costs  were  hased  on  unit  costs 
of  well  and  casing,  discharge  column  pipe  and  driveshaft,  and  well  re- 
development. These  unit  costs  are: 

Item  Cost 

Well  and  casing  $1  per  inch  diameter  plus 

$1  per  foot  depth  of  well 

Discharge  column  pipe  and  driveshaft       $10  per  foot 

Well  redevelopment  $2,0CK)  per  well 

The  1963  present  worth  of  these  adjusted  costs  is  included  in  the  summary 

Sheet  1  of  each  plan  of  operations.   Attachments  11  through  I5. 

Assumptions  for  Adjusting  Pumping  Plant  Costs 

Assumptions  used  in  the  formulation  of  Table  7-2,  Attachment 
No.  J,   were  also  used  in  the  determination  of  adjusted  pumping  plaint  costs, 
with  the  single  exception  that,   for  the  adjusted  costs,  the  predicted 
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static  ground  water  levels  in  the  futtire  determine  the  depths  of  pumping, 
rather  than  the  average  1962  pumping  levels,  as  previously  assumed. 
Extensions  of  the  assumptions  are:  T 

1.  The  average  future  economic  life  of  wells  existing  in  I962 
is  10  years;  the  economic  life  of  a  new  well  is  20  years; 

2.  The  interest  rate  used  in  the  determination  of  annual  cost 
and  1963  present  worths  of  costs  is  ^4—1/2  percent; 

3.  The  average  diajneter  of  wells  in  use  in  19^2  in  each  economic 
area  is  to  be  the  diameter  of  the  new  well  in  the  corresponding  economic 
area.  These  average  well  diameters  ranged  from  6  to  ik   inches; 

k.     The  average  pumping  drawdown  throughout  the  Coastal  Plain 
is  70  feet,  and  the  minimum  distance  from  static  ground  water  levels  to 
pumping  levels  is  75  feet.  Well  casings  extend  5  feet  beyond  the  pumping 
bowl; 

5.  The  depth  of  ground  water  levels  estimated  for  1990  will  be 
maintained  for  the  years  from  1990  to  perpetuity;  I 

6,  Existing  wells  will  be  extended,  and  new  wells  will  be 

drilled  to  the  maximim  depth  of  future  static  ground  water  levels  in  the 

I 

first  year  in  which  modification  or  new  development  is  required. 

General  Procedure  in  Determining  Annual  j 

and  1963  Present  Worths  of  Costs  ' 

A  general  procedure  used  in  determining  adjusted  pumping  plant 
costs  as  annual  costs  and  19^3  present  worths  of  costs  was  translated 
into  a  computer  program  so  rapid  computation  of  these  costs  could  be 
obtained  for  the  selected  plans  of  operation.  This  general  procedure  is: 

1.  Determine  the  yesir  in  which  the  initial  adjustment  of 


pumping  plant  costs  is  necessary  for  esu;h  economic  area.  This  was 

-292- 


! 


accomplished  by  comparing  the  avereige  depths  of  existing  pumping  bowls  to 
the  depths  of  computed  future  static  ground  water  levels,  plus  75  feet. 
Future  static  ground  water  levels  were  determined  by  using  the  mathematical 
model  of  the  ground  water  bcisins. 

2.  Determine  the  depth  to  which  the  wells  must  penetrate  before 
they  are  deemed  operable.  This  was  accomplished  by  searching  for  the 
maximum  future  ground  water  level  for  each  economic  area.  All  wells  will 
be  constructed  to  penetrate  the  maximum  depths  of  water  levels. 

3.  Determine  the  length  of  well  csising,  discharge  column  pipe 

and  driveshaft  that,  when  mulitiplied  by  the  proper  unit  costs,  yield 

adjusted  piomping  plant  costs.  This  was  done  by  applying  the  following 

equations : 

Length  of  well  and  casing  =  (Maximum  depth  of  ground  water 

level)  -  (average  depth  of  well 
casing  in  1962)  +  80  feet 

Length  of  discharge  column  =  (Maximum  depth  of  ground  water 
pipe  and  driveshaft         level)  -  (average  depth  of  pumping 

bowl  in  1962)  +  75  feet 

k.     Determine  the  adjustments  of  annual  costs  required  for 

each  economic  area  and  for  each  year  that  follows  the  initial  year  to 

1990-  This  is  accOTiplished  by  first  determining  the  capital  costs.  The 

product  of  the  lengths  determined  under  item  3  multiplied  by  the  proper 

unit  costs  yields  capital  costs.  These  capital  costs  are  then  converted 

to  annual  costs. 

5.  Determine  the  adjustment  to  I963  present  worths  of  costs 
of  wells  for  ground  water  operation  from  I963  through  1990»  by  applying 
the  proper  present  worth  factors  to  the  annual  costs. 

6.  Determine  the  adjustments  to  I963  present  worths  of  costs 

of  wells  for  ground  water  operation  from  1990  to  perpetuity.  This  was 
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done  by  first  determining  the  annual  payments  over  the  period  frcm  1990 
to  perpetuity.  These  annuaJ.  payments  were  then  brought  back  to  1963 
present  worths.  These  figures  were  used  in  the  preparation  of  Figure  13> 
Chapter  IV. 

This  procediire  was  utilized  to  yield  estimates  of  adjusted 
pumping  plant  costs  due  to  the  lowering  of  ground  water  levels  in  the 
Coastal  Plain.  These  estimates  are  within  the  scope  of  the  ground  water 
utilization  studies. 
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ATTACHMENT  NO.    9 

A  METHOD  FOR  DKTERMNING  THE  I-DST  ECONOJOiCAL 
COivBINAT-ION  OF  GROUND  AND   SURFACE  WATER  FACILITIES 


ATTACHMEIW  NO.  9 

A  METHOD  FOR  DETERMINING  THE  MOST  ECONOMICAL 
COMBINATION  OF  GROUND  AND  SURFACE  WATER  FACILITIES 


Introduction 

In  the  investigation  of  the  planned  utilization  of  the  ground 
water  basins  of  the  Coastal  Plain  of  Los  Angeles  County,  costs  of  many 
alternative  plans  of  operation  were  analyzed  and  compared.  In  this  com- 
parison, costs  were  developed  for  all  plans  of  operation,  under  the 
assumption  that  all  the  water  supply  facilities  would  be  utilized  most 
economically  to  meet  the  growing  and  fluctuating  water  demands.  To  deter- 
mine the  most  economical  combination  of  water  supply  facilities,  an  equa- 
tion was  written  and  a  method  was  developed  for  its  utilization. 

Prior  to  designing  water  supply  facilities,  future  water  demand, 
as  well  as  the  peak  variations  in  the  water  demand  for  the  study  area, 
had  to  be  determined.  The  projected  annual  water  demand  and  the  estimated 
monthly  and  daily  variations  in  demand  are  discussed  in  Chapter  II  and  are 
shown  on  Figure  2.  For  this  study,  the  maximum  water  demand  on  facilities 
was  taJcen  as  the  peak  hourly  demand  on  the  day  of  maximum  water  demand 
plus  the  fire  flow  requirement.  The  maximum  period  of  water  demand  was 
taken  as  five  maximum  water  demand  days  in  succession,  added  to  the  fire 
flow  for  a  specified  duration,  as  recommended  by  the  National  Board  of 
Fire  Undejrwriters . 

The  facilities  required  to  meet  the  applied  water  demand  during 
the  hour  of  peak  flow  were  the  primary  distribution  system,  ground  water 
pumping  facilities,  and  surface  storage  facilities.  The  primary  distribu- 
tion system  considered  was  the  primary  distribution  system  of  The 
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Metropolitan  Water  District  of  Southern  California,  the  ground  water 
pumping  facilities  considered  were  the  ground  vater  pumps  and  booster 
pumps,  and  the  storage  facilities  considered  vere  sirrface  storage  tanks 
or  reservoirs  which  included  normal  accessories. 

For  the  distribution  system,  a  feeder  construction  schedule 
was  assumed,  and  the  maximvmi  delivery  capa<:ity  was  determined.  This 
determination  is  discussed  in  Attachment  No.  k.     During  the  hour  of  peak 
flow,  it  is  most  economical  to  utilize  the  primary  distribution  system 
to  its  maximum  delivery  capacity  and  to  meet  the  remaining  portions  of 
the  maximum  hourly  water  demand  (hourly  peak  flow  plus  fire  flow  require- 
ment) by  a  combined  flow  from  surface  storage  and  ground  water  pumping 
facilities.  The  pumping  facilities  comprise  two  types:  those  pumping 
ground  water  directly  to  operating  head,  and  those  pumping  ground  water 
initially  to  ground  surface  for  treatment  and  subsequently  boosting  to 
operating  head.  However,  because  many  different  combinations  of  pumping 
and  storage  facilities  would  satisfy  the  remaining  demand,  the  most  econ- 
omical combination  was  determined  for  each  alternative  plan  of  operation 
each  year  to  insure  validity  of  the  economic  comparison  of  alternatives. 

In  this  attachment,  detailed  discussions  will  be  presented  on 
the  major  steps  of  developing  and  utilizing  the  equation  to  determine  the 
most  economic  combination  of  pumps  and  surface  facilities.  For  conveni- 
ence, a  list  of  definitions  of  symbols  is  provided  at  the  end  of  this 
attachment . 

General  Steps  of  Method 

To  determine  the  most  economical  combination  of  pump  and  surface 
storage  facilities,  a  general  cost  equation  for  total  annual  costs 
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of  facilities  to  meet  specific  annual  water  demands  was  written  in  terms 
of  one  unknown.  The  equation  was  solved  by  differentiating  and  setting 
its  derivative  equal  to  zero.  The  solution  provided  information  to  deter- 
mine the  most  economicaO.  combination  of  primary  feeder  system,  well  pump- 
ing and  booster  facilities,  and  surface  storage  facilities.  Subsequently, 
costs  of  these  facilities  were  estimated  and  were  included  in  a  total 
estimated  cost  of  each  alternative  plan. 

The  general  steps  taken  in  the  development  and  utilization  of 
this  equation  to  determine  the  most  economical  combination  of  surface  and 
ground  water  facilities  are  as  follows: 

1.  A  general  cost  equation  was  written  with  the  following 
components  to  express  the  total  cost  of  pumping,  boost- 
ing, and  surface  storage: 

a.  The  number  and  unit  cost  of  booster  facilities, 

b.  The  number  and  vinit  cost  of  ground  water  pumping 
facilities, 

c.  The  number  and  xrnit  cost  of  surface  storage  facili- 
ties, and 

d.  The  electrical  energy  and  service  connection  charge 
for  pump  and  booster  facilities. 

2.  Equations  were  written  to  express  the  number  of  water 
supply  facilities,  in  terms  of  booster  flow  capacity. 
These  facilities  are: 

a.  Boosters, 

b.  Ground  water  p\imps,  and 

c.  Surface  storage  reservoirs 

3.  The  unit  cost  of  facilities  and  the  electrical  energy 
cost  were  determined. 

k.  An  equation  was  developed  to  determine  the  most  econ- 
omical flow  capacity  of  facilities. 
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5.  A  method  was  developed  for  using  the  most  economical  flow 
capacity  equation  to  determine  the  most  economical  combin- 
ation of  boosters,  pumps,  and  storage  facilities,  consid- 
ering existing  and  additional  facilities. 


Development  of  a  General  Cost  Equation* 
The  general  cost  equation  derived  to  obtain  the  totsil  annual 
cost  of  pvmping  and  s^arface  storage  facilities  is: 

^t  =  S  ^  ^  ""  ^s  (1) 

or 
Ct  =  Np  (Up  +  Ug  +  U^,)  +  Nb  (Ub  +  Ug  +  U^)  +  N3U3         (2) 

where:  Cp  =  1^  (Up  +  Ue  +  Uq)  =  total  cost  of  piimping,  including  cost 

of  pump  and  well  unit,  right-of-way,  electrical  energy,  and 

electrical  energy  connection  service  charge,  in  dollaxs, 
Cb  =  Nb  (^  +  Ue  +  Uc)  =  total  cost  of  boosting,  including  cost 

of  booster  units,  electrical  energy,  and  electrical  energy 

connection  service  charge,  in  dollars, 
Cg  "  NgUg  =  total  cost  of  surface  storage,  including  cost  of 

sxirface  storage  tahk  with  normal  accessories,  right-of-way, 

foundation,  and  excavation,  in  dollars, 
Np  =  number  of  well  and  pump  units, 
N^  =  number  of  booster  units, 

Ng  =  number  of  surface  storage  units,  } 

Up  =  average  annual  cost  of  a  well  and  pump  imit,  in  dollars, 
Ug  =  annvial  cost  of  electrical  energy  consumption  per  pump  or 

booster  unit,  in  dollars,  I 

Ug  =  annual  cost  of  electrical  energy  connection  service  charge 

per  pump  or  booster  unit,  in  dollars. 


♦Symbols  used  are  defined  in  Table  9-1^  at  the  end  of  this  attachment. 
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Ug  =  average  suinual  cost  of  a  surface  storage  unit, 
in  dollars. 

In  this  study,  it  was  found  most  convenient  to  express  the  num- 
ber of  pumping,  boosting,  and  s\irface  storage  facilities  in  terms  of  the 
flow  capacity  of  boosters  ((^)  required  to  lift  water  from  the  ground  sur- 
face to  the  operating  head  of  the  distribution  system.  This  approach  was 
taJcen  by  assuming  that  a  relationship  between  the  existing  number  of 
boosters  and  the  number  of  pumps  at  wells  in  the  study  area  will  be  the 
same  in  the  future  and  that  all  the  pumping  facilities  will  have  a  modular - 
sized  motor,  typical  of  the  sizes  presently  used  in  the  area. 

Equations  were  developed  to  relate  the  number  of  boosters,  pumps, 

and  surface  storajge  facilities  to  the  flow  capacity  of  boosters  (Q,  ) . 

Derivation  of  these  equations  is  given  in  detail  in  subsequent  pages.  The 

ultimate  equations  are  presented  here  for  convenience: 

„  _  %WL^ 
t>  '  550  E  HP  ^^' 


2^  W  (L  +  L  ) 

IL  =  N  +  N  =  — ^  W 

'^   ''g   "o      550  E  HP 


u 

and 

N  =  ^S  =  13,900  (D„  -  Qf  -  FQ^) 
s 


^t  %  \ 

or 


(5) 


_  U23,600  D^  -  U08,600  (Q^^FQ^+V^     (5^) 


s   Jl  V. 


where:  D^^  =  average  water  demand  on  the  day  of  maximum  water  demand,  in 
cubic  feet  per  second, 
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D  =  maximum  hourly  vrater  demajid,  in  cubic  feet  per  second,  con- 
sisting of  the  peak  hoiirly  water  demand  on  the  day  of  maxi- 
mum water  demand,  plus  the  fire  flow  demand, 
E  =  efficiency  of  the  pump  and  booster  imits,  as  a  decimal, 
F  =  factor  that  relates  the  flow  capacity  of  boosters  (Q.  )  to  the 
total  ground  water  pumping  capacity  (Q,  ) , 
HP  =  rated  horsepower  of  a  modular-sized  pumping  or  boosting 
facility, 
L,  =  drawdown  of  a  well,  in  feet, 
L  =  pumping  lift  from  static  water  level  to  ground  siorface,  in  feetj 
L  =  pumping  lift  to  operating  head  of  the  distribution  system  from 

ground  surface,  in  feet, 
N  =  niimber  of  ground  water  pumps,  lifting  ground  water  to  ground 

surface  elevation, 
N  =  number  of  ground  water  piunps,  lifting  ground  water  directly  to 

distribution  system  operating  head, 
Q^  =  peak  flow  rate  available  from  the  feeder  system,  in  cubic  feet 

per  second, 
Q,    =  booster  flow  capacity,  in  cubic  feet  per  second,  lifting  ground 

water  from  ground  surface  to  operating  head, 
W  =  unit  weight  of  water,  62. h   pounds  per  cubic  foot, 
V^  =  volume  of  storage  required  for  fire  protection,  in  cubic  feet, 
V  =  volume  of  required  svirface  storage,  in  cubic  feet, 
V.  =  voliime  of  a  surface  storage  tank  unit,  in  cubic  feet. 
These  four  equations,  expressing  the  number  of  facilities  in  terms  of  booste 
flow  capacity,  are  derived  in  the  following  sections. 
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Derivation  of  Equation  to  Determine  Required 
Number  of  Boosters 

The  number  of  boosters  was  determined  by  first  writing  an  equa- 
tion for  the  total  horsepower  required  to  lift  the  booster  flow  capacity 
(Q.  )  from  ground  surface  to  operating  head,  and  by  subsequently  dividing 
the  total  horsepower  by  the  horsepower  of  a  modular-sized  booster  unit 
(HP^).  The  equation  for  the  power  required  for  lifting  the  booster  flow 

rate  (Qk)  is: 

HP,  =  5Lli  (6) 

°       550  E 

where:  HPt,  is  the  horsepower  required  for  boosting.  An  equation  represent- 
ing the  number  of  boosters  can  be  expressed  as: 

u 

After  combining  equations  (6)  and  (7),  the  equation  to  determine  the  number 

of  boosters  takes  the  form: 

W  L 


^   550  E  HP^ 

Derivation  of  Equation  to  Detennine  Required 
Number  of  Pumps 

The  number  of  ground  water  puxnps  was  derived  in  a  manner  similar 
to  that  for  boosters .  The  difference  was  that  there  were  two  types  of  ground 
water  pumps:  those  that  lift  water  to  ground  surface  for  subsequent  boosting 
to  operating  head  emd  those  that  lift  the  water  directly  to  operating  head. 

The  number  of  pumps  that  lift  ground  water  to  ground  surface  for 
subsequent  boosting  was  determined  by  writing  the  equation  for  the  horsepower 
required  to  lift  the  flow  rate  of  water  (Q^)  to  ground  siirface  and  dividing 
by  the  horsepower  of  a  modular  unit  pump  motor.  The  equation  for  power  re- 
quired to  pump  an  amount  of  ground  water  (Q  )  to  groiind  surface  is: 
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Q  W  (L,  +  L  ) 

HP  =  _S li £1  (8) 

^      550  E 

where:  HPg  =  total  horsepower  of  ground  water  pumps,  lifting  ground  water 

to  ground  surface  elevation, 
Qq     =  total  capacity  of  ground  water  pumps,  lifting  ground  water 

to  ground  svirface  elevation,  in  cubic  feet  per  second. 
The  number  of  pumps  required  to  deliver  the  flow  rate  (Qg)  to  grovmd  sur- 
face is: 

Q  W  (L,  +  L  ) 

S     550  E  HP 
u 

The  number  of  pumps  that  lift  ground  water  directly  to  operating 

head  was  determined  by  writing  the  equation  for  the  horsepower  required  to 

lift  ground  water  directly  to  operating  head  and  dividing  this  by  the 

horsepower  of  a  modular  unit  pump  motor.  The  equation  for  power  required 

to  pump  an  amount  of  water  (Q  )  directly  to  operating  head  is: 

Q  W  (L  +  L  +  L  ) 

HP^  =  _2 §. g 2_  (10) 

°  550  E 

where:  HPq  =  the  horsepower  required  to  lift  ground  water  directly  to 
operating  head,  and 
Qo  =  the  flow  capacity  of  the  pumped  water,  in  cubic  feet  per 
second. 
The  number  of  ground  water  pumps  lifting  grovmd  water  directly 
to  operating  head  is: 

Q^  W  (L^  +  L  +  L  ) 

N,  =  -2—-^ S °—  (11) 

550  E  HP 
u 
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A  s\irvey  of  existing  pumps  in  the  study  area  revealed  that  the 
nvunber  of  pxunps  that  lift  ground  water  to  operating  head  is  approximately 
equal  to  the  number  of  p\inrps  that  lift  ground  water  to  ground  level  for 
subsequent  boosting  to  operating  head.  The  survey  also  showed  the  s\imp 
capacity  to  be  small  and,  because  of  this,  the  flow  capacity  (Qg  )  of 
pumps  supplying  sumps  was  assumed  to  equal  the  flow  capacity  of  boosters 
|i   lifting  this  water  to  operating  head  (0^,).  Thus,  it  was  presumed  that 


the  above  relationships  would  hold  in  the  future .  They  are  shown  in  equa- 
tion form  below: 

-o  =  '^g  (12) 

and 

Kp  =  Ilg  -^  ITo  (13) 

or 

i^  =  2  :ig  ilk) 

and 
%  =   Qg  (15) 

By  substitution  of  equations  (9)  and  (15)  into  equation  (l^),  the  total 
niamber  of  pumps  (Np)  in  terms  of  booster  capacity  (Qjj)  is: 

2CL  W  (L,  +  L  ) 


N  =  -^2 Lj3 £i  (U) 

^      550  E  HP^ 

Derivation  of  Equations  to  Determine  Required 
Number  of  Storage  Facilities 

As  indicated  earlier,  equations  (5)  and  (5a)  were  developed  to 

determine  the  number  of  storeige  tanks.  Equation  (5)  is  applicable  to 

cases  where  flow  from  storage  facilities  is  less  than  the  average  flow 

rate  required  to  meet  the  water  demand  on  a  day  of  maximum  demand. 
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Equation  (5a)  is  applicable  to  cases  where  the  flow  from  storage  facili- 
ties is  more  than  the  average  demand  flow  rate  on  that  same  day.  These 
equations  were  derived  by  establishing  the  following:   (l)  the  relation 
between  the  volxime  of  storage  required  and  the  rate  of  flow  from  storage 
facilities,  (2)  the  relation  between  flow  from  surface  storage  and  booster 
capacity,  and  (3)  the  required  volume  of  storage  and  the  volume  of  a  mod- 
ular storage  facility. 

Relation  Between  Release  Rate  and  Volume 

To  obtain  a  relation  between  the  required  peak  release  rate  from 
storage  and  the  voliome  of  storage  required,  a  relation  was  established 
between  water  supply  and  demand;  this  relation  is  illustrated  on  Figure  2(C, 
Chapter  2.  Because  the  storage  is  normally  used  to  even  fluctuations  in 
water  demand,  the  supply  from  storage  is  shown  as  the  top  area  under  this 
curve.  With  a  typical  hovirly  water  demand  curve  for  the  Coasted.  Plain 
developed,  the  relation  between  storage  flow  and  storage  volume  was  de- 
termined by  plotting  the  distance  down  from  the  peak  hourly  demand 
(storage  flow)  against  the  volvmie  accvmrulated  under  the  hourly  water  de- 
mand curve  (storage  volume).  The  relation  between  the  surface  storage 
volume  required  to  meet  the  hourly  water  demand  variation  on  the  day  of 
maximum  water  demand  and  the  maximum  flow  release  rate  required  from 
storage  facilities  is  sho^vn  on  Figure  5A.  The  shape  of  the  curve  approxi- 
mates a  parabola  up   to  and  including  100  percent  of  the  flow  rate  from 
surface  storage  and  a  straight  line  above  100  percent  of  the  flow  rate 
from  surface  storeige.  The  equation  that  approximates  the  flow  rate 
volume  relationship  for  the  water  demand  curve  is  as  follows: 
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p    25.9 

when 

%  lioo 

and 

Vp 

=  17.5Qp  -  1,333 

(16) 


(l6a) 
when 
Op  >  100 
where  Vp  is  the  volume  of  storage  in  percent-hours  and  Qp  is  the  flow  from 
storage  expressed  as  a  percent  of  the  average  demand  on  the  day  of  maximum 
water  demand  (D^).  Equation  (16)  is  for  the  case  where  the  flow  required 
is  less  than  100  percent  of  the  average  flow  on  a  day  of  maximum  water 
demand,  and  equation  (l6a)  is  for  the  case  where  flow  is  greater  than  100 
percent.  The  constants  for  these  equations  are  related,  in  terms  of  \inits 
of  flow  in  cubic  feet  per  second  and  the  volvime  in  cubic  feet,  as  follows: 

Qp  =  (^)  100  (17) 

^d 

where  Qg  is  the  flow  rate  from  storage  in  cubic  feet  per  second. 

For  storage  release  rates  that  are  less  than  100  percent  of  the 
average  flow  on  the  day  of  maximum  water  demand,  the  required  volume  of 
storage  is: 

[y)  100]^ 

V  =-3- (18) 

p     25.9 

Equation  (I8),  transformed  into  volume  in  cubic  feet,  is: 

[(Sr)  100]^  (to^)  3,600 

V  =—^ 

r  25.9 
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or 

Vj.  =  13,900(^)  (19) 

Because  the  flow  capacities  of  the  water  supply  facilities  are 
designed  to  meet  the  peak  flow  water  demand,  the  relationship  of  water 
supply  to  water  demand  is: 

I^m  =  ^  +  Qt  +  Qs  (20) 

where  Q^  is  the  flow,  in  cubic  feet  per  second,  from  all  pumps  pumping 
ground  water.  Equation  (20),  rewritten  in  terms  of  surface  storage  flow 
capacity  (Qg),  is: 

^s  =  ^m  -  ^  -  ^  (21) 

By  substituting  equation  (21)  for  the  svirface  storage  flow  capacity  (Qg) 
in  equation  (19),  the  volume  of  storage  is: 

13,900  (D^  -  \   -  9^f  (22) 


'r  D. 


Wlien  the  flow  release  rate  from  surface  storage  is  more  than 
100  percent,  the  volume  of  storage,  in  percent- hours,  is: 


9. 

V    =  IT. 5  (— )  100  -  1,333  (23) 

P        Djj 

Converting  this  equation  to  cubic  feet  results  in: 


Vp  =  [it. 5  (dJ)  100  -  1,333]  (loo)  3,600 

or 
Vj.  =  63,000  Qs  -  i<-8,000  D^  {2k) 
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In  a  study  of  the  water  demand  for  the  Coastal  Plain  of  Los 
Angeles  Cotinty,  the  relationship  between  average  hourly  water  demand  on 
a  day  of  maxiimim  water  demand  and  the  peak  hourly  water  demand  on  this 
day  is: 

Dh  =  2Da  (25) 

where  D^   is  the  peak  hovirly  water  demand  on  the  day  of  maximum  water 
demand,  in  cubic  feet  per  second.  In  areas  that  have  large  volumes  of 
existing  storage,  the  fire  protection  requirement  was  handled  separately. 
The  peak  hourly  water  demand  then  is  the  maximum  flow  demand  of  the  facil- 
ities and  this  relation  is  expressed  as: 

Dh  =  ^m  =  2Dd  (26) 

By  substituting  equation  (26)  for  the  maximum  hourly  water  demand  (Dm)  in 
equation  (2l) ,  the  following  equation  is  obtained: 

Qs  =  2D(i  -  ^  -  Qf  (27) 

Incorporating  equation  (2?)  into  equation  (2^+) ,  the  equation  to  determine 
the  volume  of  storage  required  on  the  maximum  water  demand  day  is: 
Vj.  =  63,000  (2Dji  -  Q^  -  ^)  -  48,000  D^ 

or 
Vj.  =  78,000  D^  -  63,000  (Of  +  Ot)  (28) 

Relation  Between  Total  Pump  Capacity  and 
Booster  Flow  Capacity 

To  write  an  equation  expressing  the  volume  of  surface  storage 

in  terms  of  booster  capacity,  a  relationship  had  to  be  developed  between 

the  total  ground  water  pump  capacity  and  the  booster  capacity.  The 

booster  capacity  was  then  substituted  into  the  storage  volume  equations 

(22)  and  (28)  to  get  the  equation  in  terms  of  booster  capacity. 
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The  total  pump  capacity  Is  equal  to  the  capacity  of  pumps  that 
lift  ground  water  to  ground  surface  for  subsequent  boosting,  plus  the 
capacity  of  pximps  that  lift  ground  water  directly  to  operating  head. 
The  total  punrp  capacity  can  be  expressed  as: 

%  =  Qg  +  Q^  (29) 

In  a  previous  discussion  it  was  shown  that: 

Ng  =  Nq  (12) 

Q  W  (L,  +  L  ) 
N  =  ^-2 — ^^ £1  (9) 

e      550  E  HP^ 

and 
Q  W  (L^  +  L  +  L  ) 

550  E  HPu 

By  equating  equations  (9)  and  (ll)  and  simplifying,  the  relation  between 
Qg  and  Qo  is : 

Q  (L^  +  L  ) 
0  =  ^^-1^^ &1  (30) 

Ld  +  Lg  +  Lq 

Then,  by  substituting  equation  (30)  into  equation  (29),  the  total  piunp 
capacity  can  be  expressed  as: 

L  +  L 
Q^  =  n   (1  +  i_) 

or 
\  =  FQg  (31) 

where : 

^  =  1  ^  L,  A  A  (32) 

d    g    o 

Then,  by  substituting  equation  (15  )  into  equation  (31), 

\   =  ^%  (33) 
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The  factor  F  is  multiplied  by  the  capacity  of  boosters  lifting 
water  from  ground  surface  to  operating  head  to  determine  the  total  capac- 
ity of  »1 1  pxiraps  that  extract  ground  water. 

Storaige  Required  During 
Maximum  Water  Demand 

The  demand  on  the  day  of  maximum  water  requirement  is  met, 
simultaneously,  from  three  sources  of  supply:  the  distribution  system, 
the  pumping  facilities,  and  the  storeige  facilities.  The  day  of  maximum 
water  demand  was  based  on  a  period  of  five  consecutive  days  with  the  max- 
imum water  demand.  The  method  of  using  storage  depends  upon  the  use  of 
the  distribution  system  and  pumping  facilities  on  this  day.  Two  methods 
of  utilizing  storage  on  the  maximum  day  of  water  demand  are  possible: 
(l)  storage  can  be  used  just  to  even  out  fluctuations  in  demand  on  the  day 
of  maximum  water  demand,  if  the  distribution  system  and  pumping  facilities 
can  supply  the  voliime  of  water  demand  on  this  day;  or  (2)  in  addition  to 
evening  out  fluctuations  in  water  deirand,  storage  can  be  used  as  a  supply 
source  of  water  to  meet  a  portion  of  the  maximum  water  demand  for  five 
maximum  days ,  when  the  distribution  system  eind  punrping  facilities  cannot 
meet  the  quantity  of  water  required. 

Storage  is  required  only  to  even  out  fluctuations  in  demand  on 
the  day  of  maximum  water  demand  when  the  distribution  system  and  ground 
water  pumping  facilities  can  supply  100  percent  of  the  average  water 
demand,  but  not  the  peaJt  flow  rate  demand.  The  peak  hourly  water  demand 
on  the  day  of  maximum  water  demand  within  the  Coastal  Plain  of  Los  Angeles 
County  is  approximately  200  percent  of  the  average  demand  on  this  day. 
Therefore,  storage  is  required  only  for  evening  out  fluctuations  in  water 

-311- 


demand  for  storage  flows  up  to  100  percent  of  the  average  demand  on 
the  day  of  Diaxinnmi  water  demand. 

The  storage  required  to  even  out  fluctuation  in  demand  when 
the  capacities  of  the  distribution  system  and  pumping  plants  are  adequate 
to  meet  the  average  water  demand  on  the  day  of  maximum  water  demand  is 
derived  as  follows :  "because  the  storage  is  used  only  for  evening  out 
fluctviations  in  demand,  the  volume  of  storage  required  on  the  day  of 
maximum  water  demand  equals  the  volume  of  storage  required  for  the  duration 
of  the  maximum  five-day  demand  period.  Thiis,  relationship  can  be  expressed 
as : 

By  substituting  equation  (22)  into  equation  (3'+),  then: 

13,900  (Dj^  -  Qt  -  Qf)^  ,  , 

Vs  =  \ ^^^-  (35) 

since, 

^  =  FQb  (33) 

then. 


13,900  (Dm  -  %  -  FQb) 


2 


=  ^11 ^ i ^  (36) 

Storage  is  required  for  both  evening  out  fluctttations  and  a 
source  of  supply  when  the  storage  flow  required  is  more  than  100  percent 
of  the  average  demand  flow  rate  on  a  day  of  meiximum  water  demand.  This 
storage  is  required  when  the  combined  capacity  of  feeders  and  pumping 
plants  is  less  than  the  average  rate  of  water  demand  on  the  day  of  maximum 
water  demand.  I5ien,  the  remaining  demand  must  be  met  from  the  release 
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from  surface  storage  facilities,  a  part  of  which  is  not  refilled  during 
the  five  consecutive  days  for  subsequent  release.   iSqi^ation  (22)  was 
derived  to  determine  the  volume  of  storage  required  under  this  flow  con- 
dition during  any  one  maximum  water  demand  day.  The  equation  for  the 
storage  volVLue  that  cannot  be  refilled  is : 

Vir  =  V:nd  "  ^x  (37) 

where:  Vj^j.  =  the  irreplaceable  volume  of  water,  in  cubic  feet,  in  storage 

on  the  day  of  msuximum  water  demand, 
^md  ~  ^^^  total  volume  of  water  demand,  in  cubic  feet,  on  the 

day  of  maximum  water  demand, 
Vjj  =  the  volume  of  water,  in  cubic  feet,  delivered  through  feeders 
and  puraping  plants . 
The  total  volume  of  water  demand  en  the  day  of  maximum  water 
demand  and  the  volume  of  water  delivered  through  feeders  and  ground  water 
pumping  plants  in  terms  of  cubic  feet  are: 

Vmd  =  ^MO   D(i  (33) 

and 
V^  =  86,400  (Q^  +  Qf.)  (39) 

The  total  storage  required  for  five  consecutive  days  of  maximum  demand 
in  cubic  feet  is : 

Vs  =  5Vir  +  (Vr  -  Vir)  +  Vf 
or 

^s  =  ^^ir  -^  ^r  -^  Vf  (^) 

where  Vg  is  the  total  storage  volume  required,  and  Vf  is  the  recommended 
fire  flow  for  the  duration  specified  by  the  National  Board  of  Fire 
Underwriters,  in  cubic  feet. 
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By  making  the  following  substitutions,  equation  (36)  is  trans- 
formed in  terms  of  the  flow  capacity  of  boosters  (%).  In  this  transfor- 
mation, equations  (28)  and  (33)  are  first  substituted  into  equation  (ho) , 
and  the  total  storeige  volume  required  is: 

Vg  =  i+V^j.  +  78,000  D^.  63,000  (Q^  +  FQ^^)  +  V^ 

After  substituting  equation  (37)  into  the  above  equation, 

^s  =  ^  (V^  -  Vx)  +  78,000  D^  -  63,000  (Qf  +  F%)   +  Vf . 
Finally,  substituting  equations  (38)  and  (39) 

Vg  =  U  (86,400  D^  -  86,iK)0  F%  -  86,i+00  Qf) 
+  78,000  D^  -  63,000  (Qf  +  FQb)  +  Vj. 

or 

Vg  =  i+23,600  D^  -  U08,600  (Qf  +  FQb)  +  Vf       (kl) 
Equation  (hi)   was  used  in  operational  and  economic  analyses  of  areas  that 
have  large  existing  storage  capacities . 

Number  of  Storage  Tanks 

In  the  previous  equations ,  the  volume  of  storage  was  written  in 
terms  of  booster  flow  capacity  ((^ )  for  two  ranges  of  storage  flow:  for 
storage  flows  up  to  100  percent  of  the  average  annual  demand  on  the  day  of 
maximum  water  demand,  and  for  storage  flows  greater  than  100  percent  of 
the  average  demand  flow  rate  on  this  day.  Equations  for  the  number  of 
storage  tanks  required  were  derived  by  dividing  the  terms  in  equations  (36) 
and  (4l),  by  the  vol\ime  of  a  modular  storage  tank  which  was  assumed  to  be 
66,800  cubic  feet  (500,000  gallons). 

The  number  of  storage  tanks  required  for  storage  flows  below  100 

percent  of  the  average  demand  flow  rate  on  the  day  of  maximum  water  demand 

is  derived  as  follows: 
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13,900  (Dni  -  FQb  -  Qf)^ 
Vs  -  ^ (36) 


and 
V 


Vt 


Ns  =  ,-7^ 


or 


N3  _  13,900  (D^  -  FQb  -  4f)2  ^^^ 

Dd  Vt 

The  number  of  storage  tanks  required  for  storage  flows  greater 
than  100  percent  of  the  average  denjand  flow  rate  on  the  day  of  maximum  water 
demand  is  the  volume  of  storage  divided  by  the  volume  per  tank  and  is 
derived  as  follows : 

Vs  =  ^3,600  Dd  -  408,600  (Qf  +  FQb)  +  Vf        (i+l) 

and 
Vs 

or 

jj^  ^  423,600  Dd  -  iK36,600  (Qf  ->•  FQb)  +  Vf         ^^^^ 

Vt 

Determination  of  Unit  Cost  of  Facilities 
and  Energy  Cost 

The  determinations  of  unit  annual  cost  of  boosting,  pumping,  and 

storage  facilities  (U  ,  U,  ,  and  U  ),  electrical  energy  charge  (U^),  and 

the  electrical  energy  connection  service  charge  (U^)  are  discussed  in 

detail  in  Attachment  No.  7.  The  unit  costs  of  facilities  are  fixed  costs, 

that  is,  the  unit  cost  of  a  facility  does  not  vary  with  the  pump  capacity 

because  modular-sized  units  are  used.  However,  the  electrical  energy  cost 
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is  given  in  three  rate  schedules  depending  upon  the  use  of  the  pump. 
Three  equations  of  energy  cost  were  developed  relating  the  cost  of 
energy  to  flow  capacity  of  boosters  (0^)' 

Determination  of  Electrical  Energy 
and  Service  Connection  Charges 

To  determine  the  cost  of  electrical  energy  consumption  and  the 
cost  of  electrical  energy  service  connection,  the  current  cost  rate  sched- 
ule of  the  Southern  California  Edison  Company,  a  major  supplier  of  elec- 
trical energy  in  the  study  area,  was  used.  A  portion  of  the  cost  rate 
schedule  is  shown  in  Attachment  No.  7* 

The  energy  consumption  charge  per  pump  varies  by  three  rate 
schedules,  depending  upon  the  duration  that  a  pump  is  used.  Three  eq\ia- 
tions  were  developed  for  three  ranges  of  pump  use  factors  from  Southern 
California  Edison  Company  Cost  Schedule  PA-1  and  are  presented  below: 
For  pump  use  factors  between  0  and  15  percent, 

Ug  =  [(0.0136  Dollars/KWHR)(6530KWHR/HP-YR)(UF)]  HP^_^  (42) 

For  pump  \ise  factors  between  15  and  30  percent, 

Ug  =  [(0.0082  Dollars /KWHR)(6530KWHR/HP- YE) (UF)  +  5.^]  HP^      (1+3) 

For  pump  use  factors  of  30  percent  and  larger, 

Ug  =  [(0.0064  Dollars/KWHR)(6530KWHR/HP-YR)(UF)  +  9.0]  HP^      (kk) 

The  symbols  used  in  the  energy  cost  eqiiations  are: 

UgQ  =  unit  energy  consumption  charge,  with  the  subscript  "n" 

referring  to  subscript  1,  2,  or  3  in  equations  (42),  (4-3), 
and  (44), 
KWHR  =  kilowatt-hours, 
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HP-YR  =  horsepower-year, 

UF    =  the  use  factor  of  pumping  is  expressed  as  the  annual 

ground  water  extraction,  in  cubic-feet  per  second,  divided 
by  the  peak  hourly  rate  of  extraction  PQ^,  in  cubic  feet 
per  second. 
Because  all  the  ground  water  facilities  were  assumed  to  be  uti- 
lized with  the  same  set  of  use  factor  equations  given  above,  the  total 
energy  cost  for  all  units  of  pumping  and  boosting  can  be  expressed  by  the 
following  equation: 

Ec  =  (Ng  +  No  +  %)  Uen  (^5) 

where  E^,  =  total  energy  cost  for  all  units  of  puiuping  and  boosters. 

The  equations  for  the  number  of  pump  and  booster  facilities 
were  previously  derived  in  terms  of  booster  flow  capacity  (0^)  and  are 
repeated  here  for  convenience: 

N,  ,  ^"°  (3) 

550  E  HPu 

and 


2Qw  W  (L.  +  L_) 

Ng  +  No  =  Np  =  —2 LJ^ &i 

550  E  HPu 


W 


Hence,  the  cost  of  electrical  energy  of  pumps  and  boosters  is: 


20,  W  (L,  +  L  )  0.  W  L 
=  (— fe -A £  +  -h Q )  u 


^       550  E  HP^^     550  E  HP^^    ^^ 

Annual  service  connection  charge  per   pump  is  $6.50  per  horsepower 
per  year  for  a  pump  with  a  100- horsepower  or  larger  motor.  Because  all 
the  pumps  and  boosters  were  considered  to  have  a  100-horsepower  motor,  the 
total  annual  service  connection  charge  for  elLI  ground  water  pumping  xmits 
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then,  is : 

Pc  =  (HPg  +  HPo  +  HPb)(6.50  Dollars/HP-YR)  (2^7) 

Siibstituting  equations  (6),    (8),  and  (lO)  for  horsepower  of  each  pumping 
facility  in  terms  of  flow  capacity  of  boosters  (%),  the  equation  for 
cost  of  electrical  service  connection  becomes. 

P,,(?£jiiiilis).5oli%lili^.^^,(6.50)      (48) 

550  E  550  E  550  E 

where  P  is  the  total  cost  of  electrical  service  connection,  in  dollars. 
However,  it  was  previously  shown  that: 

Li  +  Lg  +  Lo 

and 

Qb  =  Qg  (15) 

By  substituting  the  above  two  eqiaations  into  equation  {k8) ,   the  following 

connection  service  charge  equation  results : 

^c  =  (^      ^^oE  ^)(6.50)  (49) 

Development  of  Cost  Equation  to  Determine 
Most  Economical  Flow  Capacity  of  Facilities 

Utilizing  the  relationship  developed  heretofore,  equation  (2) 

was  rewritten  in  the  following  form: 

Ct  =  NpUp  +  N^Ub  +  N3U3  +  E^  +  P^  (50; 

where:  Eq  =  the  total  annual  energy  cost, 

Pc  =  the  total  annual  connection  service  cost  of  the  entire 
ground  water  pump  and  booster  facilities. 
The  number  and  horsepower  of  facilities,  derived  in  the  previou 
section  in  terras  of  booster  flow  capacity  (%),  were  substituted  into 
equation  (50)  resulting  in  the  following  cost  equation: 
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^   2Qb  W  (Ld  -H  Lg)  y  ^  Qb  WLq      ^  13,900  (Dm  -  Qf  -  F^b)^  „ 
550  E  HPu     P   550  E  HPu  DaVt         ^ 

+  (^^  W  (Ld  ^  Lg)  ^  Qb  WLq   ^  ^   ^  Qb  W  (2Ld^  2Lg^  I^) 

550  E  HPu    550  E  HPu   e'^  550  E  J   > 

The  term  "Ug^"  is  applicable  to  any  of  the  three  equations  (U2), 
(43),  and  (44).  However,  for  illustration,  equation  (42)  is  used  exclu- 
sively in  the  subsequent  disc\ission. 

By  applying  the  definition  of  \ise  factor  to  equation  (42),  the 

unit  cost  of  energy  consumption  is  expressed  in  terms  of  booster  flow 

capacity  (Qjj)  as: 

,  1.22T  EXTR  (   ) 

^1      F^ 

where  EXTR  =  annual  ground  water  extraction  in  acre-feet  per  year. 

Simplifying  equation  (51)  by  substituting  equation  (52),  and 
by  substituting  the  values  of  62.4  pounds  per  cubic  foot  for  the  unit 
weight  of  water,  W;  O.65  for  the  efficiency  of  the  pump  unit,  E;  100  for 
the  horsepower  of  a  modular  unit,  HPu;  and  66,800  cubic  feet  for  the 
volume  per  modular  tank,  V-^j  the  cost  equation  is: 

Ct  =  0.00349  Qb  (Ld  +  Lg)  Up  +  (— ^)  Ub  + 

3.82 

r0.208   (Dg^  -  Of  -   F%)^-f 

i ^f ^JUs^ 

0.00174  %   {2L^  +  2Lg  +  Lq)   1.227   (^)   + 

0.174  Qb  (2Ld  +  2Lg  +  Lo)(6.50)  = 

0.00349  Qb  (Ld  +  Lg)  Up  +  (3^)  Ub  + 
.0.208  (Da  -  Qf  -  FQb)^-[    I 

0.00213  (2L^+  2Lg  +  Lo)(^)  + 

1.134  %   (2L^  +  2Lg  +  Lq)  (53) 
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With  the  total  cost  expressed  as  a  function  of  the  booster  flow 
capacity,  principles  of  calculus  were  applied  to  determine  the  booster 
flow  capacity  at  the  minimum  cost.  The  most  economical  booster  flow  capac- 
ity was  determined  by  first  taking  the  derivative  of  the  total  cost  with 
respect  to  booster  flow  capacity,  and  then  setting  the  derivative  to  zero. 
The  resulting  booster  flow  capacity  is  the  capacity  at  the  minimum  cost. 
The  second  derivative  of  the  total  cost  equation,  equation  (53)}  is  always 
positive.  Accordingly,  the  solution  provides  the  value  of  (^   that  res\ilts 
in  the  least  total  annual  cost  in  all  cases.  Differentiating  equation  (53) 
with  respect  to  Qj^  and  using  150  feet  for  the  pumping  lift  from  ground  sur- 
face to  operating  head,  L^,  results  in: 

dC  U 

— ^  =  0. 003^+9  (Ih  +  L,)  IL  +  — £- 
dQtj         "^  '^    ^'     y        3-82 

d 

+  0  +  2.269  (L^  +  Lg)  +  170.2  (5^) 

Setting  equation  (5^)  equal  to  zero,  and  solving  for  the  booster  flow 
capacity  (Q-u)?  at  the  minimum  cost: 

"  "°-=  *   3^)]  (55) 

The  numbers  2.269  and  170.2  in  equation  (55)  are  used  because  equation 

(U2)  was  used  in  this  illustration;  these  nvimbers  change  when  equation 

(U3)  or  (hk)   is  used  in  the  general  equation.  For  a  general  solution, 

symbols  X  and  Y  are  substituted  for  these  numbers.  Then,  equation  (55) 

becomes: 
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%  -  (^^)  -   („.  J^  „  )  [(i-d  *  Lg)(x  -  0.003'.9  u 


"b 


.Y.^)] 


3.82  J  (56) 

The  corresponding  values  of  X  emd  Y  for  each  energy  cost  equation  are 
listed  below: 


X 

y 

2.269 

170.2 

k.l^k 

311.5 

Equation  {k2) 
Equation  (U3) 
Equation  (kk)  ^.kll  kO^.l 

Determination  of  Most  Economical 
Combination  of  Facilities 

The  cost  equation  to  determine  the  most  economical  flow  capac- 
ity of  facilities  is  greatly  affected  by  the  capacity  of  existing  ground 
water  pumping,  boosting,  and  surface  storage  facilities.  This  effect  is 
shown  on  Figure  9-I,  -vrtiich  was  developed  for  a  plan  with  a  large  extrac- 
tion in  economic  area  5  for  1978.  In  one  case,  the  result  of  equation 
(56)  can  be  used  directly,  while  in  two  general  cases  the  equation  cannot 
be  used  directly.  The  two  cases  where  equation  (56)  cannot  be  used  dir- 
ectly can  be  combined  to  illustrate  a  fo\irth  case.  These  fovir  cases  can 
be  used  to  account  for  all  variations  in  the  use  of  equation  (56). 

In  the  development  of  equation  (56),  the  total  number  of  all 
modular  facilities  required  was  assumed  to  vary  with  the  capacity  of 
facilities  required.  However,  this  is  not  true  in  all  cases.  When  the 
capacity  of  existing  facilities  is  larger  thaji  the  capacity  of  the  re- 
quired facilities,  the  cost  of  the  fsLcilities  in  the  cost  equation  becomes 
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LEGEND 

THE  REUTIONSHIP  OF  USE  FACTOR  OF  GROUND  WATER  PUMPING  TO  THE 
COST  OF  SUPPLnNG  WATER  TO  MEET  MAXIMUM  HOURLY  WATER  DEMANDS 
IS  REPRESENTED  BY  THREE  CASES: 

CASE   I  THE  CAPACITIES  OF  EXISTING  PUMPING  AND  STORAd 

FACILITIES  ARE  LESS  IWAM  THAT  RE9UISED  TO  IMPI£MENT 
AN  OPERATIONAL  PLAN. 

CASE  II       THE  CAPACITY  OF  EXISTING  PUMPING  FACILITIES  IS  LESS 
BiAK  THAT  REQUIRED  BUT  THE  CAPACITY  OF  EXISTING 
STORAIE  FACILITIES   IS   GREATER  THAN  THAT  REQUIRED 
TO   IMPLEMENT  AN  OPERATIONAL  PLAN. 

CASE   ni     •mE  CAPACITY  OF  EXISTING  PUMPING  FACILITIES   IS   GREATER 
THAN  IHAT  REQUIRED,  BUT  THE  CAPACITY  OF  EXISTING 
STORAGE  IS   LESS  THAN  THAT  REQUIRED  TO   IMPLEMENT  AM 
OPERATIONAL  PUN. 


THE  CURVES  HERE  BASED  ON   THE  WATER  SUPPLY  AND  DEMAND 
DATA  FOR  ECONOMIC  AREA   5   FOR  THE  YEAR   1978  UNDER  A 
PLAN  OF  OPERATION  EXTRACTINC  THE  MAXIMUM  AHJUNT  OF 
GROUND  WATER  ALLOWABU:. 

THE  SHARP  CHANGE   IN  SLOPE  ON  THE  STORAGE  COST  CURVE 
IS  CAUSED  BY  THE  ADDITIONAL  STORAGE   FACILITIES  RE- 
QUIRED TO  CONFORM  TO  THE  CRITERIA   TOAT  THE   FACILITIES 
MUST  BE  PROirrDED   TO  MEET  THE  MAXIMUM  DEMAND  FOR  AT 
LEAST  FIVE  CONSECUTIVE  DAYS.      IN  EACH  OF  THESE  CASES, 
THIS  CRITERIA  BECOMES  A  MAJOR   FACTOR  AT  A  78  PERCENT 
USE  FACTOR. 

IN   Tins  PARTICULAR   PLAN  OF  OPiSATION,   WHEN  THE  USE 
FACTOR   IS   KLCM   78  PERCENT,    ■!«£   PUMP  UNITS  AND   FEEDERS 
CAN   GUPPLY  1«E  VOLUME  OF  WATER  REQUIRED  ON  THE  MAXIMUM 
WATER   DEMAND  DAY  AND  STORACE   IS   REQUIRED  ONLY  TO  REGU- 
Ura:  HOURLY  FLUCTUATIONS   IN  DEMAND.      HOWEVER,   WHENEVER 
THE  PUMP  USE   FACTOR  EXCEEDS  78  PERCENT,   THE   PUMP  AND 
FEEDER  CatfUOT  SUPPLY  THE   VOLUME  OF  WATER   REQUIRED  ON 
THE  MAXDtJM  WATER  DOtAND   DAY.      THE  STORAGE   IS  THEN 
REQUIRED   FOR  TOO  TORPOSESi      (l)  TO  EVEN  CUT  HOURLY 
FLUCTUATIONS   IN  DIMAND,   AND   {'')   TO  SUPPLY  THE  DEFICIENCY 
IN   DEMAND  FOR   FIVE  CONSECUTIVE  MAXIMUM  WATER  DEMAND  DAYS. 


40  SO  «0  70  SO 

USE      FACTOR     OF     PUMPING 


DIAGRAMS  SHOWING  RELATION   BETWEEN  USE  FACTOR  OF    PUMPING 
AND  COST  OF  FACILITIES  AND  OPERATION  FOR  MEETING    MAXIMUM 

HOURLY  WATER  DEMANDS 


J 
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•322- 


a  constant  and  the  resulting  derivative  of  the  facilities  structures  cost 
becomes  zero.  Consequently,  the  equation  to  determine  the  most  economic 
facilities  capacity  is  modified.  The  following  discussions  will  present 
the  four  general  cases  in  which  equation  (56)  can  be  used. 

Case  I 

In  case  I,  shown  on  Figure  9-l>  where  the  capacities  of  exist- 
ing piunping  and  storage  facilities  Eire  smaller  than  the  capacities  com- 
puted by  using  equation  (56),  the  equation  can  be  utilized  without  modifi- 
cation to  determine  the  booster  capacity  (Q^)  and,  subsequently,  the  num- 
bers of  pumping  and  storage  facilities  for  the  most  economical  combination. 

In  the  evaluation  of  annual  costs  of  unit  pumping  and  storage 
facilities,  it  was  assumed  that  interest  rates,  economic  lives,  and  con- 
struction cost  would  be  the  same,  whether  the  facilities  considered  are 
existing  or  are  to  be  constructed.  For  this  reason,  as  long  as  all  facil- 
ities are  utilized,  annual  cost  of  facilities  and  maintenance  and  operation 
of  such  facilities  would  be  the  same,  whether  the  facilities  are  existing 
or  to  be  added. 

In  case  I,  because  the  capacities  of  the  existing  facilities  are 
less  than  those  computed,  new  facilities  must  be  added  and  all  must  be 
utilized.  Therefore,  equation  (56)  is  applicable. 

Case  II 

In  case  II,  on  Figure  9-I,  where  the  capacity  of  existing  piunp- 
ing facilities  is  less  than  that  computed  by  equation  (56),  but  the 
capacity  of  existing  storage  facilities  is  larger  than  the  capacity  indi- 
rectly determined  by  using  the  solution  for  Q^,  equation  (5°)  cannot  be 
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directly  utilized. 

By  using  all  the  existing  storage  facilities,  the  capacity  of 
pumping  can  be  made  smaller  to  meet  the  identical  water  requirement. 
This  indicates  that  a  smaller  n-umber  of  pumps  is  required  and  those  pumps 
can  be  operated  at  a  higher  use  factor  than  determined  by  the  use  of  equa- 
tion (56).  Because  the  annual  cost  of  existing  storage  facilities  would 
be  the  same  whether  they  are  used  or  not,  the  annual  cost  of  pumping  facil- 
ities would  be  less  if  a  smaller  number  is  used  at  a  higher  use  factor. 
The  maximum  use  of  the  existing  storage  facilities  and  minimum  use  of 
pumping  facilities  would  result  in  the  most  economical  cost. 

Case  III 

In  case  III,  as  shown  on  Figure  9-1,  where  the  capacity  of  exist- 
ing pun^jing  facilities  is  larger  than  that  computed  by  using  equation  (56), 
but  the  capacity  of  existing  storage  volume  is  smaller  than  the  correspond- 
ing capacity  computed,  a  modified  equation  must  be  utilized  to  determine 
the  most  economical  combination. 

In  equation  (53),  the  terms  0.003^9  %   (%  "^  ^s^  "p  ^^'^  ^o  ^ 

3  •  82 

represent  the  total  annual  cost  of  the  required  pumps  and  boosters, 
respectively,  when  the  capacities  of  existing  pumping  facilities  are 
smaller  than  those  computed  by  use  of  equation  (53)-  Whenever  the  numbers 
of  existing  p\imps  and  boosters  are  larger  than  computed,  the  annual  cost 
of  those  facilities  would  be  constant,  thus,  they  wo\ild  no  longer  be  a 
function  of  Qf  '^^  derivative  of  those  terms  then  becomes  zero  and  the 
resulting  equation  for  Qt  takes  the  form: 

Qb  =  (^"^  -  %   -   ( ^i—-)  \{L^   +  L  )  2.269  +  170.2]   (57) 
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The  term  Q,  is  found  by  using  equation  (57)  and  the  capacity 
of  pumping  facilities  res\ilting  from  this  solution  is  compared  to  the 
capacity  of  existing  pumping  facilities.   If  the  existing  pumping  capac- 
ity is  larger  than  that  computed,  the  computed  figure  is  used  as  the  most 
economical  capacity.  However,  if  the  booster  and  pump  capacity  computed 
by  use  of  equation  (57)  is  larger  than  that  existing,  the  existing  capac- 
ity is  used  as  the  most  economical. 

Case  IV 

Case  IV  is  a  combination  of  cases  II  and  III  using  storage  costs 
of  case  II  with  the  pump  costs  of  case  III.  By  combining  these  curves,  it 
can  be  shown  that  the  most  economical  combination  of  facilities  will  occur 
when  existing  storage  is  utilized  at  a  maximum  and  pumping  supplies  are 
kept  at  the  largest  possible  use  factor  to  meet  the  remaining  demand. 

Because  structure  costs  for  certain  ranges,  where  the  capacities 
of  existing  facilities  exceed  the  capacity  of  the  required  facilities, 
would  become  constants,  the  most  economical  combination  of  facilities  to 
meet  the  water  demand  would  satisfy  the  most  economical  operating  costs  of 
these  facilities .  This  would  be  accomplished  by  utilizing  existing  stor- 
age as  much  as  possible  and  by  reducing  the  amount  of  peaking  frc«n  pump 
facilities .  The  storage  operation  and  maintenance  costs  are  minor  com- 
pared with  the  costs  of  pump  energy. 

The  variable  portion  of  the  total  cost  equation  within  the  range 
where  pump,  booster,  and  surface  storage  facilities  costs  are  all  constants 
consists  of  the  cost  of  electrical  energy  and  service  connection.  The 
first  derivative  of  the  total  cost  equation  with  respect  to  the  booster 

flow  capacity  is  a  constant.  The  booster  flow  capacity  (Q-j,)  term  drops 
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out,  indicating  this  is  a  straight  line  equation.  Therefore,  within  this 
range  the  most  inexpensive  combination  of  facilities  would  be  that  which 
minimizes  the  electrical  energy  cost  and  service  connection  charge;  this 
results  in  using  existing  storage  to  a  maximum  and  pumping  at  the  largest 
use  factor. 


TABLE  9-1 

DEFINITION  OF  SYMBOLS  USED  IN 

EQUATIONS  TO  DETERMIKE  THE  MOST  ECONOMICAL 

COMBINATION  OF  PUMP  AND  SURFACE  STORAGE  FACILITIES 


:  Symbol 

Equation  :  used  in 

symbol  :  computer 

:  program 


% 


DM 


PHD 


DAM 


Total  annual  cost  of  boosting,  including  cost  of 
booster  units,  electricaJ.  energy,  and  electrical 
energy  connection  service  charge,  in  dollars. 

Total  annual  ground  water  pump  structures  cost 
including  wells,  pumps,  motors,  controls,  normal 
accessories,  right-of-way,  maintenance,  and  oper- 
ation, in  dollars. 

Total  annual  cost  of  surface  storage  which  includes 
storage  tajik,  foundation,  excavation,  normal  acces- 
sories, and  right-of-way,  in  dollars. 

Total  annuaJL  cost  of  boosting,  pumping  ground 
water,  and  surface  storage  facilities,  in  dollars. 

Average  water  demand  flow  rate  on  day  of  maximum 
water  demand,  in  cubic  feet  per  second. 

Peak  hourly  water  demand  on  the  day  of  maximum 
water  demand,  in  cubic  feet  per  second. 

Maximum  flow  rate  of  water  required  under  peak  con- 
ditions with  maximum  flow  equal  to  the  peak  hourly 
water  demand  on  the  day  of  maximum  water  demand, 
plus  the  fire  flow,  in  cubic  feet  per  second. 

Energy  cost  for  p\imps  and  boosters,  in  dollars. 
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DEFINITION  OF  SYMBOI^  USED  IN 
EQUATIONS  TO  DETERMINE  THE  MOST  ECONOMICAL 
COMBINATION  OF  PUMP  AND  SURFACE  STORAGE  FACILITIES 

(continued) 


Equation 
symbol 


Symbol 
used  in 
computer 
program 


Description 


HPb 
^E 

HP-YR 

KWHR 

Ld 

Lo 
Nb 


N, 


g 


N, 


N_ 


N„ 


A  The  head  relationship  between  the  total  pump  capac- 
ity and  the  capacity  of  pumps  pumping  to  svunps  only. 

Total  booster  pump  horsepower. 

Total  horsepower  of  ground  water  pumps  pximping  to 

ground  surface . 

Total  horsepower  of  ground  water  pumps  puniping 

directly  to  distribution  system  operating  head 

Horsepower  per  modular  unit. 

Horsepower-year. 

Kilowatt  hoiirs. 

Well  drawdown,  in  feet. 

H      Distance  between  the  static  water  level  and  ground 
sxirface,  in  feet. 

Distance  between  groxind  surface  and  operating  head 

of  distribution  system,  in  feet. 

XNB  Number  of  boosters  required  within  the  distribution 
system  to  boost  ground  water  from  ground  surface  to 
distribution  system  operating  head. 

Number  of  ground  water  pumps  pumping  to  ground 

surface . 

Number  of  ground  water  pump  units  pumping  directly 

to  operating  heads  within  the  distribution  system. 

XNP     Total  number  of  groiind  water  pump  units  within  the 
system. 

XNS     Number  of  storage  \inits  within  the  system. 


•327- 


DEFINITION  OF  SYMBOLS  USED  IN 

EQUATIONS  TO  DETERMINE  THE  MOST  ECONOMICAL 

COMBINATION  OF  PUMP  AND  SURFACE  STORACT  FACILITIES 

(continued) 


Equation 
symbol 


Symbol 
used  in 
computer 
program 


Total  cost  of  electrical  service  connection,  in 
dollars . 


Qo 

% 

^s 

Uv 


U. 


U, 


QS     Rate  of  pumping  booster  units,  in  cubic  feet  per 
second. 

FEDR    Rate  of  peak  flow  from  feeder  supply,  in  cubic 
feet  per  second. 

QS     Rate  of  flow  of  gro\ind  water  piiraps  pumping  to 
sumps,  in  cubic  feet  per  second. 

Rate  of  flow  of  ground  water  pumps  pumping  directly 

to  system  operating  head,  in  cubic  feet  per  second. 

Flow  from  storage  as  a  percent  of  average  demand 

on  a  maximum  water  demand  day. 

QP     Rate  of  flow  of  all  ground  water  pumps,  in  cubic 
feet  per  second. 

SF     Peak  rate  of  flow  from  storage  facilities,  in  cubic 
feet  per  second. 

UCB     Unit  annual  cost  of  booster  pump,  including  struc- 
tures, pump,  motor,  right-of-way,  normal  acces- 
sories, maintenance,  and  operation  but  not  includ- 
ing power,  in  dollars. 

UCC     Annual  cost  of  electrical  energy  connection  service 
charge  per  modular-sized  booster  or  ground  water 
pump  vinit,  in  dollars. 

CE     Annual  cost  of  electrical  energy  per  modular-sized 

motor,  in  dollars.  There  are  three  ranges  of  energy 
cost  depending  upon  the  use  of  the  motor  unit. 


Ut 


UCP     Average  annvial  cost  of  ground  water  pump  unit  which 
includes  well,  pump,  motor,  controls,  normal  acces- 
sories, right-of-way,  maintenance,  and  operation, 
in  dollars . 
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DEFINITION  OF  SYMBOLS  USED  IN 

EQUATIONS  TO  DETERMINE  THE  I«K)ST  ECONOMICAL 

COMBINATION  OF  PUMP  AND  SURFACE  STORAGE  FACILITIES 

(continued) 


:  Symbol 

Equation  :  used  in 

symbol  :  computer 

:  program 


Description 


"s 
UF 


\r 


UCS  Average  annual  cost  of  a  siirface  storage  unit  which 
includes  storage  tank,  foundation,  excavation,  nor- 
mal accessories,  and  right-of-way,  in  dollars. 

UF     Use  factor  of  piimping  expressed  as  a  fraction. 

FVOL    Volume  of  fire  requirement  storage . 

Difference  between  the  volume  of  water  required  on 

the  day  of  maximum  water  demand  and  the  volume  of 
water  available  from  the  pump  and  feeder  supply,  in 
cubic  feet . 


*md 


W 
X,  Y 


Volume  of  water  demand  on  the  day  of  maximum  water 

demand,  in  cubic  feet. 

Voliime  of  storage  flow  required  on  a  maximum  day  of 

water  demand,  in  percent-hours. 

VR      Volume  of  storage  required  to  meet  demand  on  maximum 
day  of  water  demand,  in  cubic  feet. 

VS      Total  volume  of  storage  used  for  duration  of 
maximum  demand  period,  in  cubic  feet. 

Volume  per  storage  tank,  in  cubic  feet. 

Volume  of  water  available  to  the  storage  facilities 

from  the  feeder  and  pumping  supply  sources  on  the 
day  of  maximum  water  demand,  in  cubic  feet. 

Unit  weight  of  water,  62. k   pounds  per  cubic  foot. 

Factors  substituted  for  constants  that  vary  with 

pump  use  factors  in  energy  cost  equations . 
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ATTACHMENT  NO.  10 

OPERATIONAL-ECONONtrC  COI-TUTER  ANALYSES  OF 
ALTERNATIVE  PLANS  OF  OPERATING  THE  GROUM)  WATER  BASINS 
IN  THE  COASTAL  PLAIN  OF  LOS  ANGELES  COUIWY 


ATTACHMENT  No.  10 

OPERATIONAL-ECONOMIC  COMPUTER  ANALYSES  OF 
ALTERNATIVE  PLANS  OF  OPERATING  THE  GROUND  WATER  BASINS 
IN  THE  COASTAL  PLAIN  OF  LOS  ANGELES  COUNTY 


Introductioa 

For  the  investigation  of  the  planned  utilization  of  the  ground 
water  basins  in  the  Coastal.  Plain  of  Los  Angeles  County,  a  large  number 
of  aJLtemative  plans  of  operation  were  operationally  and  economically 
analyzed  and  compared.  For  this  comparison,  numbers  and  costs  of  all 
items  of  both  ground  and  surface  water  supplies  and  facilities  that  varied 
according  to  alternative  plans  of  operation  were  considered.  This  involved 
innumerable  simple  computations  and  required  a  large  number  of  tabulations 
even  for  a  single  plan  of  operation,  which  would  have  been  a  formidable 
task  to  accomplish  by  the  use  of  desk  calculators  and  typewriters.  There- 
fore, a  digital  computer  and  an  on-line  printer,  which  are  available  at 
the  Southern  District  Office  of  the  Department  of  Water  Resources,  were 
utilized. 

The  computer  used  was  an  IBM-1620  digital  computer,  with  a 
20,000-digit  memory  unit,  linked  to  an  IBM-1622  card  read-punch  unit  as 
an  input-output  medium.  Even  though  this  computer  is  very  versatile,  the 
20,000-digit  memory  unit  was  not  adequate  to  handle  all  computations  in 
a  single  phase.  Tnerefore,  the  analyses  for  each  alternative  were  divided 
into  six  major  phases  (phases  A  throvigh  F)  which  are  briefly  described  here: 

1.   In  phase  A,  future  water  level  elevations  and  pumping  lifts 
of  ground  water  to  ground  surface  were  determined  biennially  for  each  plan 
of  operation. 
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2.  In  phase  B,  the  information  developed  in  phase  A  was  utilized 
to  determine  annual  amounts  of  subsurface  flow  at  selected  locations  along 
the  coast,  annual  requirements  of  fresh  water  for  injection  barriers,  and 
adjusted  annioal  piimping  amounts  and  pumping  lifts  for  each  of  the  10  eco- 
nomic areas. 

3.  In  phase  C,  a  check  was  made  of  the  sufficiency  of  imported 
water  for  each  alternative  plan  of  utilizing  ground  water  basins.  If  the 
check  showed  that  under  a  certain  plan  of  operation,  because  of  the  limi- 
tation on  delivery  capacity  of  feeder  lines,  an  adequate  amount  of  imported 
water  was  not  available,  the  amount  of  ground  water  use,  or  pumping  of 
groxmd  water,  was  increased. 

k.     In  phase  D,  annvial  eimounts  of  imported  water  to  meet  applied 
water  demand  and  costs  of  the  water  were  determined.   In  addition,  annual 
costs  of  chlorinating  ground  water  and  costs  of  injection  barrier  facilitiei 
were  determined. 

5.  In  phase  E,  the  capacities  and  numbers  of  both  siorface  and 
ground  water  facilities  required  for  each  plan  were  computed. 

6,  In  phase  F,  annual  costs  of  water  supplies  and  facilities 
were  computed  and  present  worths  of  annual  costs  were  computed  and  totaled 
to  determine  the  present  worths  of  total  costs  of  operation  between  19^3 
and  1990  for  all  plans. 

A  computer  program,  which  is  a  set  of  instmctions  to  the  machine 

to  perform  various  computations,  was  developed  for  each  phase.  The  compute 

program  for  phase  A  is  discussed  in  Attachment  No.  6.  The  discussion  of  th 

remaining  five  phases,  B  throu^  F,  is  presented  in  this  attachment  with  th 

aid  of  simplified  flow  charts  of  the  computer  programs  shown  on  Figures  10- 

through  10-5. 
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Phase  B.   Injection  Requirements  and 
Ground  Water  Extractions 

In  phase  B,  annual  amounts  of  subsurface  flow  at  selected  loca- 
tions along  the  coast  were  computed  to  determine  fresh-water  injection 
requirements  at  sea-water  intrusion  barriers.   In  addition,  annual  pumping 
amounts  and  pumping  lifts  of  ground  water  for  each  operational  area  (a 
study  subarea)  were  adjusted  to  be  applicable  to  each  economic  area.  A 
simplified  flow  chart  of  the  computer  program  of  phase  B  is  shown  on 
Figure  10-1. 

The  data  fed  into  the  computer  in  this  phase  were: 

1,  Annual  pumpage  at  each  operational  area,  in  acre-feet; 

2,  Annual  average  weighted  ground  water  level  elevations 
at  each  node  and  for  each  operational  area,  in  feet; 

3,  Annual  average  pumping  lifts  to  ground  surface  at 
each  node  and  for  each  operational  area,  in  feet; 

k.     Node  to  node  transmissibility  factors,  in  acre-feet 
per  foot,  as  derived  in  Attachment  No.  6;  and 

5.  Node  niimbers  of  selected  boundary  nodes  where 
subsurface  flow  occurred. 

Data  under  items  1,  2,  and  3  above  were  computed  in  phase  A.  All  the  data, 

excluding  the  transmissibility  factors,  were  prepared  on  a  biennial  basis. 

In  determining  fresh  water  requirements  for  injection,  the 
biennial  water  level  elevation  data  that  were  developed  in  phase  A  were 
interpolated  to  determine  annual  water  level  elevations  at  selected  nodes. 
A  nodal  breakdown  of  the  study  area  is  shown  on  Figure  5-^»  The  ajuounts 
of  subsurface  inflow  were  computed,  based  on  the  eqixation  Q  =  Y  H;  where: 

Q  is  the  subsurface  inflow, 

Y  is  the  transmissibility  factor  between  nodes,  and 

H  is  the  difference  of  water  level  elevations  between  nodes. 
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PUNCH  \, 

SCHEDULE   OF    ECONOMIC   AREA    LIFTS 


DEFINITIONS 
N   -    NODE   NUMBE'! 
T    -    AN     INCREMENT    OF    TIME 
A    -    OPERATIONAL    AREA    NUMBER 
P   •    EXTRACTION   AREA    NUMBER 
R   -   RECHARGE  AREA    NUMBER 


PHASE    B 

SIMPLIFIED  FLOW  CHART  FOR   A  DIGITAL  COMPUTER    DETERMINATION   OF 
SUBSURFACE  FLOW  AND  ADJUSTMENT  OF  GROUND   WATER   EXTRACTION 


DEPARTMENT  OF  WATER  RESOURCES.  SOUTHERN   DISTRICT,   1966 
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In  this  computation,  nodes  27,  76,  77,  78,  79,  80,  8I,  and  82  were  con- 
sidered to  represent  the  ocean,  and  nodes  1,  I9,  26,  28,  29,  30,  3I,  32, 
and  53^  were  considered  to  represent  the  land  adjacent  to  the  ocean.  The 
computed  subsurface  flows  between  the  ocean  and  coastal  nodes  were  con- 
sidered to  be  sea  water  intruding  through  the  fresh-water  aquifers  until 
injection  barriers  were  scheduled  for  construction.  After  these  scheduled 
dates  of  construction,  the  computed  subsurface  flows  were  considered  to 
represent  landward  movement  of  fresh  water  injected  at  the  barriers.  The 
transmissibility  factors  reflecting  the  construction  schedi^Le  of  the  barrier 
facilities  at  each  node  are  shown  in  Table  10-1. 

TABLE  10-1 

ADJUSTED  TRANSMISSIBILITY  FACTORS  AT 
FRESH-WATER  BARRIER  PROJECTS 

In  acre-feet  per  year  per  foot 
Barrier  project     \n^lr\   ^9^3  !  1964  [   I965  !  I966  j  1967  j  I968 


Alamitos 

19 

0 

0 

350 

350 

700 

700 

Manhattan  Beach 

31 

0 

70 

70 

100 

100 

100 

30 

60 

i+OO 

400 

400 

400 

400 

29 

210 

210 

210 

430 

430 

430 

28 

125 

125 

125 

300 

300 

300 

53 

0 

0 

0 

370 

370 

370 

26 

0 

0 

0 

200 

200 

200 

Santa  Monica 

1 

0 

0 

0 

0 

0 

100 

32 

0 

0 

0 

0 

0 

60 

In  addition  to  the  amounts  of  annual  subsurface  flow  at  the 
coastal  area,  the  annual  subsurface  flow  was  computed  from  node  10,  located 
in  the  'Wittier  Narrows,  into  the  study  area.  The  computation  was  necessary 
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to  ascertain  that  the  amount  of  subsurface  flow  which  appeared  in  many- 
plans  of  operation  due  to  the  water  level  elevation  at  node  10  was  consis- 
tent with  the  assunrptions  made  as  boundary  conditions. 

Even  though  the  study  area  is  not  completely  independent  of  the 
adjoining  areas  hydxaulically  and  operationally,  the  operational  study 
was  conducted  by  considering  the  area  as  an  independent  unit.  Therefore, 
it  was  pres\imed,  in  the  case  of  node  10,  that  future  water  level  elevations 
would  not  vary  significantly  from  I90  feet.  This  was  the  approximate  ele- 
vation around  which  the  water  level  fluctuated  slightly  during  the  base 
period  1933  through  1957*  However,  under  some  plans  of  operation  that 
were  considered,  the  use  of  ground  water  was  much  larger  than  the  histor- 
icail  usage.  Therefore,  water  level  elevations  in  the  area  adjacent  to 
Whittier  Narrows  would  decline  significantly  and  unusxoally  large  aunounts 
of  subsurface  flow  would  result  from  San  Gabriel  Valley  into  the  study  area. 

Under  this  condition,  an  equivalent  system  was  instituted,  whereb; 
the  computed  gimount  of  subsurface  flow  in  excess  of  the  historical  average 
of  28,000  acre-feet  was  considered  to  be  due  to  the  spreading  of  imported 
water.  For  the  determination  of  the  excess  amount,  amounts  of  annual  sub- 
s\irface  flow  from  node  10  into  nodes  9^  H^  and-  ^1  were  computed  and  summed 
Then  the  difference  between  the  sum  and  the  historical  average  amount  of 
subsurface  flow  was  determined.  The  difference  was  then  added  to  the  orig- 
inally assumed  eunount  of  spreading  of  imported  water. 

The  computed  annual  amounts  of  subsurface  flow,  injection  require 
ments,  and  imported  water  spread  were  punched  out  for  use  in  svibsequent  phaes 

Modifications  of  annually  pumped  amounts  and  pumping  lifts  devel- 
oped for  each  of  the  10  operational  areas  in  the  study  area  were  made  so 
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as  to  account  for  the  fact  that  water  extracted  in  one  operational  area 
is  presently  exported  to  other  operational  areas  and  utilized.  As  shown 
on  Plate  2,   the  study  area  was  subdivided  along  geological  and  operational 
boundaries  into  10  operational  areas.  This  subdivision  was  made  to  study 
the  change  in  water  level  elevations  under  various  plans  of  ground  water 
basin  operation  expressed  in  terms  of  extraction  in  each  of  the  10  opera- 
tional areas. 

In  svibdividing  the  stiidy  area,  the  exportation  of  pumped  ground 
water  from  one  operational  area  into  other  operational  areas,  in  the  eco- 
nomic analyses  of  alternative  plans  of  operation,  was  not  considered. 
However,  oper3.tional  areas  1,  2,  \,   6,  and  7  currently  extract  and  import 
ground  water  from  operational  area  3»  This  activity  was  presumed  to  con- 
tinue for  the  duration  of  the  study  period.  The  City  of  Los  Angeles  was 
considered  to  lie  coextensive  with  operational  area  3«  Consequently,  all 
areas  served  by  City  of  Los  Angeles,  Department  of  Water  and  Power,  were 
taken  out  of  other  operational  areas  and  added  to  operational  area  3* 
Some  extracted  ground  water  was  assumed  to  be  exported  out  of  operational 
area  9  into  operational  area  3«  After  appropriate  areal  modifications, 
operational  area  3  ^^s  referred  to  as  economic  area  3«  The  remaining  areas 
in  other  operational  areas  were  also  referred  to  as  economic  areas  but 
the  same  nxmbers  were  retained  for  identification. 

The  equations  used  for  modification  of  annual  pumpage  and  pumping 
lifts  are  shown  in  Table  10-2.   In  Table  10-2,  the  letters  E,  e,  H,  and  h 
represent  annual  extraction  in  an  operational  area,  annual  extraction  in 
an  economic  area,  average  annual  lift  in  an  operational  area,  and  average 
annual  lift  in  an  economic  area,  respectively.  All  subscripts  represent 
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numbers  of  either  an  operational  or  an  economic  area.  The  coefficients 
of  E  represent  the  amount  of  operational  area  extractions  allocated  to 
each  economic  area. 

TABLE  10-2 

EQUATIONS  FOR  CONVERSION  OF  OPERATIONAL  AREA, 

PUMPAGES  AND  PUMPING  LIFTS  TO  ECONOMIC  AREA 

PUMPAGES  AND  PUMPING  LIFTS 


Operational    : 
area      : 

Economic  area 

No. 

:Pump- 
:  age 

JLift  : 

•          • 

No. 

• 
• 

Pumpage 

• 

Lift 

1 

^ 

Hi 

1 

^1  = 

&L  +  O.146E2 

^1 

=  (E-lH-l  +  0.lk6E^E^)/e-^ 

2 

Eg 

H2 

2 

eg  = 

Eg  +  O.IO5E3 

hg 

=  (EgHg  +  0.105E3H2)/eg 

3 

^3 

^3 

3 

63  = 

O.647E3  +  O.O42E9  h3 

=  (O.647E3H3  + 
0.0U2E9H9)/e^ 

k 

El, 

Hi, 

k 

ei,  = 

El,  +  O.OS^+E^ 

H 

=  (E4H1,  +  O.OSi^E^H^)^!, 

5 

^5 

«5 

5 

^5  = 

^5 

^5 

=  H5 

6 

% 

% 

6 

^6  = 

Eg  +  O.O3IE2 

^6 

=  (EgHg  +  0.031E2H2)/eg 

7 

^ 

^ 

7 

^7  = 

Ej  +   O.O37E3 

^7 

=  {E^E^   +  0.037E3H3)/e-j, 

8 

% 

% 

8 

eg  = 

% 

^Q 

=  H6 

9 

^ 

H9 

9 

^9  = 

O.958E5 

^ 

=  ^ 

10 

%0 

^10 

10 

^10 

=  %0 

^10 

=  %0 

Phase 

c. 

Adequacy  of  Imported 

Water 

Supply 

In  phase  C,  total  water  supplies  were  compared  with  total  water 
demands  to  assure  that  the  demand  for  water  was  satisfied  in  all  economic 
areas.  A  simplified  flow  chart  of  the  computer  program  of  phase  C  is 
shown  on  Figure  10-2. 
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L-  SCHEDULE   OF  WATER  ANNUALLY 

IMPORTED   BY    CITY   OF   LOS   ANGELES 

I -SCHEDULE    OF   ANNUAL    INJECTIONS 
AT    MANHATTAN    BEACH 


0=AOPLIED  WATER  DEMAND 
F=  FEEDER  FLOW  CAPACITY 
E=  TOTAL    GROUND  WATER    EXTRACTION 


ADJUST    FEEDER   FLOW 
FEDR   -    FO.   -    I    /    72'< 


'ERT  AND  ADJUST    FEEDER   FLW 

.72     •    r    '    2 


CONVERT   AND   ADJUST    FEEDER   FLOW 
I       FQ   -    721.   •    F 


TYP- 

\ 

A     ,     T    ,    S 

1 

COMPUTE    DEFFICIENCY    OF   SUPPLY 

S    .    FQ   -    X    - 

Y 

DEFINITIONS 
A    -    AN     ECONOMIC     ARFA 
T    -   AN    INCREMENT    OF    TIME 
♦   .   MULTIPLICATION   SYMBOL 
/   -    DIVISION   SYMBOL 
Y   -   AODITI ONAL   WATER 


PHASE    C 

SIMPLIFIED  FLOW  CHART  FOR  A  DIGITAL  COMPUTER    DETERMINATION  OF 
ADEQUACY  OF  IMPORTED  WATER   SUPPLY 


*''   NT  OF  WATER  RESOURCES,  SOUTHERN  DISTRICT,    1966 


Data  required  by  this  program  were: 

1.  Annual  applied  water  demands  in  each  economic  area, 
in  acre-feet; 

2.  Annual  amounts  of  water,  in  acre-feet,  imported  by 
the  City  of  Los  Angeles,  as  shown  in  Table  2: 

3.  Annual  amount  of  vrater,  in  acre-feet,  injected  at  the 
fresh-water  barrier  projects,  as  computed  in  phase  B; 

k.     Feeder  capacity  in  each  economic  area,  in  cubic -feet 
per  second,  as  determined  in  Attachment  No.  k;   and 

5.  Annual  extractions  at  each  economic  area,  in  acre-feet, 
as  determined  in  phase  B. 

The  feeder  capacities  mentioned  above  are  peak  monthly  delivery 
rates.  These  feeder  capacities  were  divided  by  a  factor  of  1.32  to  obtain 
average  annual  rates  and  then  converted  to  acre-feet  per  year. 

To  check  the  adequacy  of  water  supplies  that  were  available  from 
the  ground  water  basins  and  importations,  the  annual  sum  of  all  water  sup- 
plies was  compared  to  the  annual  applied  water  demand  in  each  economic 
area.  When  the  water  supplies  were  foxmd  to  be  inadequate,  the  computer 
printed  out  the  location,  time,  and  amoiint  of  shortsige.  After  analysis 
of  this  output  data,  the  plan  of  operation  was  either  discarded  or 
modified. 

Phase  D.  Costs  of  Ground  Water  Treatment 
and  Imported  Waters 

In  phase  D,  the  cost  of  chlorinating  ground  water  extractions, 

the  cost  and  quantity  of  water  required  to  meet  the  need  for  import,  and 

the  cost  of  facilities  to  prevent  sea-water  intrusion  were  determined. 

A  simplified  flow  chart  of  the  computer  program  of  phase  D  is  shown  on 

Figure  10-3. 
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PfCENT    OF   GaOuND   wsTtR   CURIENTLY 
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mxiMUM   PERCENTAGE    OF   GROUND   WATER 

TREATEO    AT    EACH    ECONOMIC    AREA 

SCMEDUlF    OF   LOCAL   WATER  AVAILABLE 

SCHEDULE    OF   ANNUAL    IMPORTATIONS    BY 

CITY    DF   LOS   ANGELES 

SCHEDULE    OF   SOFT   WATER  AVAILABLE 

SCHEDULE    OF   UNIT   COST   OF   SOFTENED  WATER 

SCHEfHJLE    OF   UNIT   COST    OF    FILTERED   WATER 

SCHEDULE    OF   UNIT   COST   OF   FILTERED  WATER 

FOR    INJECTION 

SCHEDULE    OF   UNIT   COST    OF    RAW  WATER 

UNIT   COST    OF   GROUND   WATER    TREATMENT 

UNIT   COST    OF    IMPORTED   LOS    ANGELES   WATER 

SCHEDULE    OF   A'PLIED  WATER   DEMAND 

SCHEDULE    OF   SUBSURFACE    INFLOW 

IT   SPREADING   GROUNDS 

AVERAGE   SUBSURFACE    INFLOW   AT   SPREADING 

GROUNDS 


LOAD 

3ATA 

\ 

S->RD 

-   AMOUNT 

OF 

SPREAD   WATER 

SG 

-   AMOUNT 

OF 

WATER    IMPORTED 

FROM 

SAN   GABRI  EL    VALLEY 

EXTR 

•    TOTAL 

;R0UN0   water    EXTRACTIONS 
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The  data  required  for  this  phase  were: 

1.  Present  and  anticipated  mEiximuin  percent  of  extracted 
water  chlorinated  in  each  economic  area,  as  determined 
by  a  survey  of  local  water  service  agencies; 

2.  Annual  local  water  available,  estimated  to  be 
^,000  acre-feet; 

3.  Annual  importations  by  the  City  of  Los  Angeles, 
in  acre-feet; 

^4-.  Unit  costs  of  imported  waters,  in  dollars  per 
acre -foot,  as  determined  in  Attachment  No.  7; 

5.  Annual  applied  water  demand  of  each  economic 
area,  in  acre-feet. 

6.  Annual  subsurface  inflow,  in  acre-feet,  from 
node  10  as  determined  in  phase  B; 

7.  Annual  amount  of  water,  in  acre-feet,  spread 
at  the  Montebello  Forebay  and  the  San  Gabriel 
River  spreading  grounds; 

8.  Annual  ground  water  extraction  in  each  economic 
area,  in  acre-feet;  and 

9.  Annual  subsurface  inflow  in  the  vicinity  of  each 
barrier  project,  in  acre-feet,  as  computed  in  phase  B. 

The  present  percentage  of  ground  water  extractions  chlorinated 
is  assumed  to  increase  linearly  to  an  anticipated  maximum  in  the  year  I98O. 
and  thereafter  remain  at  the  maiximum  percentage.   In  determining  the  per- 
centages of  treatment,  all  water  used  domesticaJ.ly  was  considered  to  be 
chlorinated,  and  industrial  water  users  were  assumed  to  continue  their 
present  chlorination  practices.  The  percentages  of  ground  water  chlori- 
nated by  operational  areas  are  presented  in  Table  10-3 . 

In  computing  the  cost  of  chlorinating  ground  water  extractions, 
the  amount  of  water  to  be  treated  was  determined.  This  was  obtained  by 
multiplying  the  total  amount  of  pumpage  in  each  operationeil  area  by  the 
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percent£ige6  in  Table  IO-3.  Then  the  cost  of  chlorinating  this  amount  was 
found  by  simply  applying  the  unit  cost  of  $3*30  per  acre-foot. 

TABLE  10-3 
PERCENT  OF  EXTRACTED  GROUND  WATER  CHLORINATED 

Operational  area    ;        I963         '  I98O 

•  • 

1  7^  83 

2  100  100 

3  51  77 
h                                         32                 72 

5  36  100 

6  TO  92 

7  12  93 

8  27  95 

9  71  71 
10  99  99 

The  requirement  for  imported  water  was  assumed  to  be  satisfied 
from  water  imported  by  the  City  of  Los  Angeles,  pumped  water  imported 
from  the  San  Gabriel  VaJLley,  and  softened  and  filtered  waters  from  the 
Metropolitan  Water  District.  The  quantity  of  imported  water  available 
from  the  City  of  Lob  Angeles  is  shown  in  Table  2,  Chapter  2.  The  annual 
quantity  of  San  Gabriel  Valley  pumpage  imported  and  used  within  the 
Coastal  Plain  was  assvmied  to  be  10,000  acre-feet,  which  is  approximately 
the  amount  presently  being  received  by  the  study  area.  This  water  supply 
is  allocated  as  follows:  2,500  acre-feet  to  economic  area  k,   2,500  acre-feet  to 
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economic  area  8,  and  5^000  acre- feet  to  economic  area  5«  The  amount  of 
filtered  water  available  to  the  study  area  was  considered  to  be  sufficient 
to  meet  demands  in  the  Coastal  Plain. 

Filtered  water  from  the  Metropolitan  Water  District  is  used 
in  creating  a  fresh-water  barrier  to  prevent  sea-water  intrusion.  The 
unit  cost  of  this  filtered,  injected  water  is  lower  than  filtered  water 
for  domestic  use.  The  annual  quantity  of  water  injected  at  the  barrier 
projects  is  equal  to  the  annual  amount  of  sea-water  intrusion  that  was 
computed  in  phase  B,  plus  a  small  amount  of  flow  to  the  ocean.  But,  during 
the  early  study  years  when  the  barrier  projects  are  being  constructed, 
the  amount  of  fresh  water  injected  is  equal  to  the  existing  capacity  of 
the  facilities  or  the  computed  eunovint  of  inflow  from  the  ocean,  depending 
on  whichever  is  less. 

The  water  used  for  recharge  into  the  ground  water  basin  spreading 
groxinds  is  untreated,  imported  (raw)  water,  plus  reclaimed  sewage  from  the 
Whittier  Narrows  Reclajnation  Plant.  The  capacity  of  the  treatment  plant 
was  assumed  to  be  13,000  acre-feet  per  year  for  the  dvu-ation  of  the  study 
period. 

In  the  computer  analysis  of  the  requirement  for  imported  water, 
the  demand  for  imported  water  was  considered  to  be  equal  to  the  applied 
water  demand,  minus  ground  water  extraction.  The  amounts  of  water  imported 
by  the  City  of  Los  Angeles  and  from  the  San  Gabriel  Valley  were  first  sub- 
tracted from  the  demand  for  imported  water  to  find  the  requirement  for 
softened  and  filtered  water  for  domestic  use.  Then,  the  quantity  of 
softened  water  available  was  compared  to  this  requirement  to  determine 
the  amount  of  filtered  water  needed.  Thus,  the  quantities  of  imported 
waters  were  determined  annually.  i 

.31^6. 


The  costs  of  imported  waters  were  found  by  multiplying  the  q.uan- 
tity  of  water  from  each  source  by  unit  cost  rates,  which  are  discussed 
in  Attachment  No.  T . 

The  cost  of  injection  facilities  required  to  prevent  the  intru- 
sion of  sea  water  was  derived  from  the  annual  cost  of  required  facilities, 
as  reported  by  the  Los  Angeles  County  Flood  Control  District.  When  the 
quantity  of  water  required  to  prevent  sea-water  intrusion  was  greater  than 
the  final  capacities  of  facilities  required  by  the  Los  Angeles  County  Flood 
Control  District  projects,  an  additional  facility  was  provided  for  this 
study.  Fresh-water  barrier  project  requirements  are  discussed  in 
Attachment  No.  8. 

Phase  E.  Surface  and  Ground  Water  Facility  Requirements 
Required  flow  capacities  of  pumps,  storage,  and  feeders  to  meet 
peak  flow  demands  were  computed  in  phase  E.  The  method  of  finding  the 
most  economical  combination  of  pumps  and  storage  is  discussed  in  detail 
in  Attachment  No.  9.  The  equations  derived  in  that  attachment  were  pro- 
grammed directly  into  phase  E  and  appear  in  the  simplified  flow  chart  in 
Figure  10-4. 

The  data  required  in  phase  E  were: 

1.  Unit  costs  of  pumps,  boosters,  storage  units,  and  feeder 
connectors,  in  each  economic  area,  discussed  in 
Attachment  No.  7; 

2.  Total  existing  and  unit  connector  capacities  in  each 
economic  area,  obtained  from  the  Metropolitan  Water 
District; 

3.  Existing  volume  of  storage  in  each  economic  area, 
determined  by  a  survey  of  1oc6lL  agencies; 

h.     Number  of  existing  pumps  and  boosters  in  each 

economic  area,  determined  by  a  survey  of  local  agencies; 
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; 

5.  Distance  from  static  water  level  to  groiind  siorface 
(lift)  in  each  economic  area,  as  determined  in 
phase  A; 

6.  Annual  applied  water  demand  in  each  economic  area; 

7.  Annual  recommended  fire  flow  in  each  economic  area; 

8.  Annual  ground  water  extraction  in  each  economic 
area ;  and 

9.  Peak  monthly  feeder  capacity  in  each  economic  area, 
as  discussed  in  Attachment  No.  k. 

The  determination  of  unit  costs  of  facilities  is  discussed  in 

Attachment  No.  7o  Recommended  fire  flows  were  calculated  with  a  formula 

established  by  the  National  Board  of  Fire  Underwriters  for  a  high-value 

district.  This  eqiaation  is: 

G  =  1020  /P  (l  -  0.01  i/f)* 

where  G  is  required  fire  flow  in  gallons  per  minute  and  P  is  population 

in  thousands.  The  numbers  and  capacities  of  existing  surface  and  ground 

water  facilities  were  based  on  data  determined  in  a  survey  of  operating 

agencies. 

In  the  first  computer  steps  for  each  year,  several  basic  values 

were  determined.  These  are  presented  below  with  their  given  computer 

designations  (FORTRAN). 

Recommended  fire  volume  FVOL 

Maximum  daily  water  demand  DM 

Peak  hourly  water  demand  PHD 

Maiximum  hourly  demand  DAM 

Pumping  at  maximum  use  factor  QPX 

Economic  limit  of  storage  volume  VS 


♦National  Board  of  Fire  Undejrwr iters,  "Standard  Schedule  for  Grading  Cities 
and  Towns  of  the  United  States  with  Reference  to  their  Fire  Defenses  and 
Physical  Conditions,"  I956,  p.  I5. 
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Storage  volvime  when  no  flov  is 

available  from  feeders  or  pumps  V 

Storage  volvime  that  supplies  peak 

demand  for  a  '^-day   period  Z 

Relationship  between  total  piimp  and 

booster  capacities  A 

The  point  to  which  storage  volume  must  be  designed  to  supply  a 
5-day  capacity  of  water  and  level  daily  variations  in  water  --  the  eco- 
nomic limit  of  storage  volume  (VS)  --  was  compared  with  the  existing 
storage  volume  (VE).  When  the  existing  storage  volume  was  greater  than 
the  economic  limit  of  storage  volume,  existing  storage  volume  was  utilized 
in  its  entirety  as  the  most  economical  volume  of  storage.  When  the  existi:] 
storage  volume  was  less  than  the  economic  limit,  the  most  economical  volum 
of  storage  was  computed  with  the  minimum  cost  equation,  which  determines 
the  most  economical  combination  of  storage  and  pumping.  The  minimum  cost 
equation  is  derived  and  discussed  in  detail  in  Attachment  No,  9« 

When  the  existing  volume  of  storage  was  greater  than  the  economi 
limit  of  storage,  the  volume  of  storage  (V)  when  no  flow  is  available  fron 
feeders  or  pumps  was  compared  to  the  existing  volvmie  of  storage.        j 

When  the  volume  of  existing  storage  was  less  than  the  voliome  of 

storage  (V)  and  no  other  flows  are  available,  the  eqviation  used  to  solve 

I 
for  the  required  storage  flow  was : 

VE  -  PVOL  +  393,600  DM  ,   s 

^^  -  408,600  ^^' 

where  SF  is  required  storage  flow  and  VE  is  existing  volume  of  storage. 

When  this  storage  flow,  plus  pumping  capacity  (QPX)  at  maximum  use  factor 

plus  the  feeder  capacity,  exceeded  the  peak  hourly  demand,  the  required 


pumping  capacity  was  found  by  the  eqviation 

QP  =  PHD  -  FEEDR  -  SF,  (2) 
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where  QP  is  required  pumping  capacity,  and  FEEDR  is  capacity  of  the  feeders. 
When  the  peak  hourly  demand  was  greater  than  these  combined  capacities, 
then  the  required  pumping  capacity  was  equal  to  the  pump  flow  at  maximum 
use  factor,  or 

OP  =  QPX.  (3) 

When  the  volume  of  existing  storage  was  larger  than  the  minimum 
flow  volume  (V),  the  volume  of  existing  storage  was  compared  to  the  volvime 
of  storage  which  can  supply  peak  demand  ( Z) ,  When  the  vol\ame  of  existing 
storage  was  greater,  then  the  required  pumping  capacity  was  eqvial  to  the 
pumping  capacity  at  maximum  use  factor,  and  the  required  feeder  flow  and 
storage  flow  were  subsequently  determined  with  the  following  equations : 

and 

SF  =  PHD  -  QP  -  FEEDR  (5) 

where  FEEDR  is  required  feeder  capacity,  AWD  is  applied  water  demand,  and 
EXT  is  ground  water  extractions.  When  the  volume  of  existing  storage  was 
less  than  the  volume  of  storage  which  can  supply  peak  demand,  required 
storage  capacity  was  given  by  the  equation 

Required  pump  capacity  was  determined  for  the  condition  where  existing 
storage  volume  was  less  than  the  storage  flow  when  no  flow  is  available 
from  feeders  or  pumps. 

In  the  computation  of  the  required  capacity  of  boosters  and 
pump  use  factor,  the  following  equations  were  used: 

OS  =  ^  (7) 
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and 

where  QS  is  required  booster  flow,  and  UF  is  use  factor. 

Phase  F.  Cost  of  Surface  and  Ground  Water  Facilities 
and  Present  Worth  of  Operational  Costs 

Phase  F  concludes  the  study  of  surface  and  ground  water  supply 
facilities.   In  this  final  phase,  the  costs  of  required  pumps,  boosters, 
additional  storage  units,  and  additional  feeder  connectors  are  determined. 
In  addition,  phase  F  conrputes  the  present  worths  of  sill  costs  determined 
in  all  phases.  A  simplified  flow  chart  for  a  digital  computer  program  of 
this  phase  is  shown  on  Figure  10-5. 

The  data  required  in  this  phase  are  the  output  and  input  infor- 
mation of  phase  E.  Additional  data  required  in  this  phase  were: 

1.  Present  worth  factors  at  4.5  percent  interest  rate; 

2.  Annual  additional  pumping  cost  due  to  the  deepening 
of  wells  in  each  economic  area; 

3.  Annual  cost  of  water  imported  from  the  San  Gabriel 
Valley; 

h.     Capital  cost  of  additional  laterals; 

5.  Capital  cost  of  the  spreading  facilities  at  the 
Montebello  Forebay  spreading  grounds,  as  obtained 
from  the  Los  Angeles  County  Flood  Control  District; 

6.  Capital  cost  of  existing  storage  facilities  in  each 
economic  area,  as  determined  by  a  survey  of  existing 
agencies; 

7.  Annual  cost  of  imported  waters  as  determined  in 
phase  D; 

8.  Annual  cost  of  injection  facilities  for  the  preven- 
tion of  sea-water  intrusion;  and 
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;    CB  -  XNBR  •  UCB 

NO  OF  EXISTING  BOOSTERS 

XNBX  *  XNBR 
NUMBER  OF  ADDITIONAL  BOOSTERS 
XNBA  ■  XNBR  -  XNBE 


COMPUTE 

COST    OF    PUMP   CONNECTION 

CPC    .    XNPR    »    650 
COST    OF    PUMP    ENERGY 

CPEC    -    XNPR   »    EC 
COST   OF   BOOSTER  CONNECTION 

CBC  -  XNBR  *  650 
COST  OF  BOOSTER  ENERGY 
CBEC  -  XNBR  ♦  EC 


SET  ENERGY  COST  CONSTANT 
EC  -  '•179.2  *  UF  +  900 


CB  -  XNBE  *  UCB 
<NBX  .  XNBE 
XNBA  .  0 


COMPUTE 

NUMBER   OF   STORAGE   UNITS 
XNS    -    (VS    /    66800)    *    XNSE 
XNSE  •    XNS 
COST   OF   STORAGE 
CS    ■    XNS    «   UCS 


SET    ENERGY   COST   CONSTANT 
EC  -   535'!. 6  •  UF  ♦  5i»0 


SET    ENERGY   COST   CONSTANT 
EC   -   flflSO.O  •   UF 


DEFINITIONS 
A       •    AN    ECONOMIC    AREA 

T      -    AN    INCREMENT    OF    TIME     IN    THE    STUDY    PERIOD 
*      -   MULTIPLICATION   SYMBOL 
/      -   DIVISION   SYMBOL 


PHASE    F 

SIMPLIFIED  FLOW  CHART  FOR  A  DIGITAL  COMPUTER    DETERMINATION   OF 

COSTS   OF  SURFACE   AND    GROUND    WATER  FACILITIES, 

AND   PRESENT   WORTHS  OF   OPERATIONAL    COSTS 


"£    OF  WATER  RESOUHCES.  SOUTHERN  DISTRICT,   1966 


-^S?. 


I! 


9.  Annual  cost  of  treating  ground  water  extractions  in 
each  operation-economic  area,  as  determined  in 
phase  D. 

Data  xmder  items  2.,   h,   and  8  are  discussed  in  Attachment  No.  8.  | 

Present  annxial  cost  of  the  existing  injection  facilities  at 
Manhattan  Beach  was  found  to  be  $253,000.  Additional  costs  at  this  barrier 
project  will  increase  the  annual  expenditures  to  $307,000  by  196^4-,  accord- 
ing to  the  Los  Angeles  Coimty  Flood  Control  District,  The  capital  cost 
of  the  existing  spreading  facilities  at  Montebello  Forebay  was  estimated 
to  be  $700,000.  It  has  been  assumed  that  the  present  spreading  facilities 
are  adequate  and  need  not  be  improved  during  the  study.  The  annual  cost 
of  water  imported  from  the  San  Gabriel  Valley  was  determined  to  be        | 
$200,000  annioally  --  10,000  acre-feet  at  $20  per  acre-foot.  The  costs 
of  well  depth  extension,  additional  laterals,  and  additional  injection 
facilities  were  determined  as  described  in  Attachment  No.  8.  These  vetlues; 
were  read  into  this  phase  for  a  present  worth  analysis  only. 

Phase  F  determined  the  annual,  required  number  of  pumps,  boosters, 
additional  storage  units,  and  connectors  in  each  economic  area.  The  com- 
puter then  applied  a  unit  cost  to  each  item  to  determine  annixal  cost 
schedules.  Finally,  the  annual  costs  of  connection  and  energy  for  pumps 
and  boosters  were  determined  according  to  the  anniial  use  factor  of  these 
facilities.  After  adding  the  cost  of  well  extension  to  the  cost  of  pumps 
in  each  economic  area,  computations  continued  on  to  the  determination  of 
the  present  worth  of  costs. 

The  present  value  of  additional  laterals,  existing  spreading 
facilities,  existing  storage  facilities,  and  pipeline  connectors  was  found 
by  determining  capital  cost  of  each  item,  applying  a  capital  recovery 


-y9^- 


\\ 


factor  at  a  k.^   percent  interest  rate  for  an  assumed  100-year  lifespan, 
and  taking  the  present  worth  up  to  and  including  the  year  1990. 

The  present  worth  of  all  other  costs  was  determined  directly 
from  the  computed  annual  cost  schedules  of  the  previous  phases  and  tabu- 
lated as  the  final  output  of  the  study. 
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ATTACHMENT  NO.   11 

TABULATION  OF  RESULTS 
OF  OPERATIONAL  PLAN  NO.  117- U 
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80UNDAI1Y     OP     *4TEB-BE4RING    MATERIAL 
eOUNOADr    Of     OOERATIONAl.     AREA 


(T)  OPERATIONAL     AREA     NUMBER 


CITY  OF  LOS    ANGELES   DEPARTMENT   OF 
WATER  ANO  POWER   SERyiCE    AREA 


CITY   OF   WHITTIER    SERVICE    AREA 


DESCRIPTION  OF  ECONOMIC  AREA 
TO  FORM  ECONOMIC    AREAS   THE   AREA    SERVED   Sv   THE   OIY 

LT^rPFl*"   """""   """'   t>"E""ON«L   AREA  r 
AND    THE    REMAINING     AREA    WAS   REFERRED    TO  AS  ECCWMK 
AREA    5,    ALSO.  THE    AREA    SERVED  BY    T„E    OEPARTMEnT^ 
WATER    ANO  POWER  (CiT,   OF  LOS    ANGELESI    WhTcm  ,S 
CONTAINED    IN    MANY   OPERATIONAL    AREAS.  WAS  ISOLATED    AND 
WAS    INCLUDED    WITH    OPERATIONAL     AREA   S    TO    FORM 
rT:^^"'    '«  REMAINING  ARE««E«  REFERRED 
TO  AS  ECONOMIC   AREAS   AND  THE    SAME    NUMBERS    WERE 
RETAINED   FOR    IDENTIFICATION.  ■"u-oCHb    WERE 
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LEGEND 

eOUNOiRt    OF    INVESKGATlONiL   AREA 
BOUNOART     OF    OATEn-SEARirtG   MATEftlAU 
,     BOUNDART   OF    OPERATtONAI.    AREA 
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OPER* 


>HE«    NUMBER 


CITV   OF   WHirTIER   SERVICE    AREA 


DESCRIPTION  OF  ECONOMIC  AREA 

TO  FORM  ECONOMIC   AREAS   TKE   AREA   StRVEO   BY   THE  ClTY 
OF   WHITTIER   WAS   REMOVED  FROM  OPERATIONAI.   AREA  i 
AND   THE   HEMAINiNiJ    AREA   WAS  REFERREO   TO  AS  ECONOMIC 
AREA   S     ALSO.  THE  AREA   SERVED  BI  THE  OEPARTMENT    OF 
WATER   ANO  POWER  (ClTf  OF  LOS   AN0ELE3I,  WHICH  IS 
CONTAINED   IN   MAN'  OPERATIONAL   AREAS.  WAS  ISOLATED   ANO 
WAS  INCLUDED  WITH  OPERATIONAL    AREA  i   TO   FORM 
ECONOMIC    AREA  J    THE  REMAINING   AREAS  WERE   REFEROEO 
TO  AS  ECONOMIC   AREAS  AND  THE   SAME   NUMBERS   WERE 
RETAINED  FOR   IDENTIFICATION. 
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FLOW  CHART  OF  OPERATIONAL- ECONOMIC  PHASE  OF  THE  INVESTIGATION  OF  PLANNED  UTILIZATION  OF  GROUND  WATER  BASINS 
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80UN0A0Y   OF   WATEB-BEARING   MATERIAL 

BASIN   BOUNDARY 

MILL    AND  MOUNTAIN   AREAS 

EXISTING    SPREADING   GROUNDS 

EXISTING    BARRIER   FACILITIES    OPERATED    BY 
LOS  ANGELES    COUNTY  FLOOD  CONTROL  DISTRICT 


ana        proposed  barrier  facilities  by  los  angeles 

COUNTY  FLOOD  CONTROL  DISTRICT  """"^'■" 

aia  ASSUMED   RECHARGE   BARRIERS   FOR  ECONOMIC 

COMPARISON    OF   PLANS    OF   OPERATION 


,  EACH  DOT  REPRESENTS  ANNUAL    GROUND 

WATER   EXTRACTIONS    OF    500   ACRE-FEET 
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eOUNDARY    OF  INVESTIGATIONAL    AREA 

BOUNDARY   OF  WATER-BEARING  MATERIA 

BAStN  BOUNDARY 

HILL    AND   MOUNTAIN    AREAS 

EXISTING  SPREADING  GROUNDS 
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aOUNOAHY  OF  INVESTIGATIONAL  AREA 

EXISTING  FACILITIES 

ASSUMED  FACILITIES  PROJECTED  FOR  SERVICE  IN  1972  ' 

ASSUMED  FACILITIES  PROJECTED  FOR  SERVICE  IN  1983* 
— ^     EXISTING  WATEh  SUPPLY 
-►-     WATER  SUPPLY  PROJECTED  FOR  DELIVERY  IN  1972 


-►      WATER  SUPPLY  PROJECTED  FOR  OELIVERYIN  1983 


•  ASSUMED  FACILITIES  PROJECTED  FOR  SERVICE  IN  1972  AND 
1983  BASED  ON  CASE  NO  SI  OF  THE  METROPOLITAN  WATER 
DISTRICT  OF  SOUTHERN  CALIFORNIA  RE  PORT  NO  802  ENTITLED 
•comparative  ECONOMIC  S'UDY  OF  TxE  EAST  eRANCM  AND 
WEST  BHANCM  OF  THE  CALIFORNIA  AQuEDUCT.ANO  OF 
ADDITIONAL  OlSTRIBUTIONFACILiTIESREOUIREO  IN  THE 
SOUTHERN  CALIFORNIA  COASTAL  PLAIN  BY  1990".  MARCH, 1962 
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BOUNDARY  OF  INVESTIGATIONAL  AREA 
EXISTING   FACILITIES 

ASSUMED  FACILITIES  PROJECTED  FOR  SERVICE  If 
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ASSUMED  FACILITIES  PROJECTED  FOR  SERVICE  IN  1983" 

EXISTING   WATER  SUPPLT 

WATER  SUPPLY  PROJECTED  FOR  OELIVERV  IN  1972 

WATER  SUPPLY  PROJECTED  FOR  DELIVERTIN  1983 

•  ASSUMED  FACILITIES  PROJECTED  FOR  SERVICE  IN  1972  AND 
I9B3  BASED  ON  CASE  NO  2n  OF  Tn£  METROPOLITAN  WATER 
DISTRICT  OF  SOUTHERN  CALIFORNIA  REPORT  NO  G02  ENTITLED 
"COMPARATIVE  ECONOMIC  STuOy  OF  THE  EAST  BRANCH  AND 
WEST  BRANCH  OF  The  CALIFORNIA  AQUEDUCT.  AND  OF 
flOOlTIONALDISTRlBuTlONFAClLlTlES  REQUIRED  IN  THE 
SOUTHERN  CALIFORNIA  COASTAL  PL AIN  BY  1990*  MAHCH.I962 
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^/////^    HILL    AND   MOUNTAIM    AREAS 

^_  ^—  — ~     BOUNDARY    OF   OPERATIONAL    AREA 
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GROUND  WATER  BASINS    OF   THE 
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CONSTANT  ANNUAL   GROUND   WATER 

EXTRACTIONS   FROM    1972  TO   1990 

FOR  SELECTED  PLANS   BY 

OPERATIONAL  AREAS 

SCALE     J'   MILtS 
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LEGEND 

eOUNOART    OF    INVESTIGATIONAL    aRE6 
eOUNDARY    OF   WATER -BEARING   MATERIAL 
^////^X    HILL    AND   MOUNTAIN    AREAS 
-^  —  ^     BOUNDARY    OF  OPERATIONAL    AREA 
{     I     )  OPERATIONAL     AREA    NUMBER 
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OPERATION    AND    ECONOMICS 

GROUND   WATER   BASINS    OF    THE 

COASTAL   PLAIN    OF   LOS    ANGELES    COUNTY 
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EXTRACTIONS   FROM    1972   TO   1990 
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OPERATIONAL  AREAS 
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LEGEND 

BOUNDARY    OF    INVESTIGATtONAL    *REA 

BOUNDARY    OF   WATER- BEARING   MATERlAI. 


\///y^     MILL   AND   MOUNTAIN   AREAS 
_  ^_  ^—     BOUNDARY   OF   OPERATIONAL    AREA 
(  I     )  OPERATIONAL    AREA   NUMBER 


NOTE: 

o     PUMPINO  AMOUNT  IN  TMC  WtST  COAST  BAilN.WHiCM  IS  ROUGHLY  RtPRCSCKTEO 

BY   OPCBATlONAL    AtCAS   6   *«-0   »  IS   i«LO  AT    TMC    l»M  -  5T   AyOWHT  I AI»»ROKM»TtLT 
69  TOO  ACRE   -  FEET  1  THBOUOHOUT    TMt   STUOt   PtRlOO   *N0  TMt   PtRCtWT   OF   (H**P»»C 
IN   OPERATIONAL    AOtAS  6   AND  9  W>Tt<   RtSfCCT   TO   TMt    TOTAL   AlWUNT   PUyPED   <M 
T>«  WCST  COAST  eASIN  IS  SO  ANO  TO  PERCENT. RtSPCCTlVtLT 

b.    PyMPlNC  AMOUNT  IN  TME    WEST  COAST  BASIN  a  «l0  AT  A  CONSTANT  AMOUNT 
TMROUOMOUT  THE  STUDY  PEP10D  BUT  VARIES  WiTM  EACH  OKRATtONAL  PLAN  TK 
PERCENT  OF  PUMPINO  '5  APPROHlMATtLY  tOUALLT  OIVlOEO  BETWEEN  OMRATK)NAL 
AREAS   «  AND  % 

t     THIS  REPRESENTS  THE  PATTERN  THAT  tUlSTED  IN  «»«-5T.TMC  LAST  TEAR  fOR 
WHICH  DETAILED  iNFORMATtON  WAS  AVAILABLE 


BARDEM  OROVE  . 
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>,  ^ 
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BOUNOAHY    OF     INVESTIGATIONAL    AREA 
BOUNDARY    OF    WATER  -  SEARING   MATERIAL 
HILL    AND    MOUNTAIN    AREAS 
BOUNDARY    OF    OPERATIONAL    AREA 
OPERATIONAL    AREA   NUMBER 


NOTE: 

o     PUMPING   AMOUNT  IN  TKt   WEST  COAST  BASIN. WHICH  IS  ftOUCHLT  REPBESENTEO 

BY    OPEBATIONAL    AREAS   6  AND   9   IS  HELO  AT    THE    1956  -  ST   AMOUNT  I APPBOKIMATeLT 
69. TOO  aCBE   -  FEET  I  TMBOUGHOUT   THE    STUDY   P£BlOO   ftNO  THE  PEOCENT  OF  PUMPING 
IN    OPESATiONAl   areas   6   MO  9  WITH   RESPECT   TO  THE   TOTAL  AMOUNT   PUMPED   IN 
THE  WEST  COAST  BASIN  IS  50  AND  TO  PERCENT. HESPECTIWEL' 

b.    PUMPING  AMOUNT  IN  THE   WEST  COAST  BASIN  IS  HELO  AT  A  CONSTANT  AMOUNT 
THROUGHOUT   THE  STUDY   PERIOD  eUT   VARIES  WITH  EACH   OPERATIONAL  PLAN   THE 
PERCENT  OF  PUMPING  IS  APPROXIMATELY  EQUALLY  OIVlOEO  SeiWEEN  OPERATIONAL 
AREAS  6  AND  9 
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SCALE   OF  MILES 
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BASIN  BOUNDARY 

BOUNOAtT  or  WATCn-eCARlNC  MATERIAL 


-+20- 


GENERALIZED  LINE  OF  EQUAL  GROUND  WATER 
■    ELEMTtON  IN  FEET  COM>UTED  BY   TmE 
MATHEUATlCAL  MODEL   FOR   1962 
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SCALE  or  Miles 


1 


1 


^  ...     / 
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flOUNOAHf  Of  "NVESTlCftttONftL  AHEA 
HflSlN  BOONOftS* 
r    8WJN04«*  Of  WATER-BEAHING  MflT£HlftL 


GENESHUZEOLlNEOf  EOUaLCHIlHOE  IN  (jnOlWO 

.    1    pn •«!£«  El.E»»TlO»  IS  <£EI  e(T«EN  HtJ  «N0 

^^  i990lOASMEO*HERE 'NrE««EOt 


note:  GKOUXO  «««IEB  LEVEl  ElEvAIlONS  rO»  IM2  ANO  .990  «E'.E  OEtERM.NEO 
e»  THE  SUPEBPOIIIIOWINO  0<  THE  MASIEU  .NfLOEWE  fUNCHONS  «H.CH 
«EBE  OevEtOPEO  8Y  IHE  MAINE MAIICAt  MODCl.  OF  IhE  CWXJND  WATER 
BASINS  or  THE  COASTAL  PLAIN  OF  LOS  ANGELES  COUNH 
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NUMBER  117-4 
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•    eouNOaR'  OFINVESTIGAIlONAI.  AHEA 

■    eASiN  eOONOARY 

r    BOUMOARV  OF   WATEO-BeAHiNG  MflTEHiAL 


GE\EflALIZED  LINE  OF  EOUAL  GROUND  WOTEfl 

--^20 ELEVATION  IN  FEET  COMPUTED  SV  THE 

FifAIMEMATlCAL  MODEL   fOH    1962 
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GtHEfiALlZEOLW*  Of  CQWAL  CHANGE  IN  CROWD 

.  XOO WATER  ELEVATION  Ifc'EET  BETWEEN  tM2  AND 

,990  lOASMEO  WHERE  iNFERREOt 


GROUND  WATER  LEVEL  ElEVAT.ONS  >0R  .M2  AM)  .»«  WE«E  OtTC'-'NEO 
B.  THE  5UPERPOSlt.ON.N0  0>  T-(  MASTER  ,Nf  LUENCE  TUNCT.ONS  WH.Ch 
WERE  DEVELOPED  8T  THE  MATHEMAT.CAL  MODEL  0»  THE  GROUND  WATER 
BA5.NrOf  THE  COASTAL   PLAIN  Of  LOS  ANGElES  COUNIT 
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GENERfiLlZEOHNE  Of  EQUAL  CHANGE  IN  GROUND 

.-LOn WATER  Elevation  im  feei  between  i96?  and 

1990  IDASMEO  where  INFEHHEOI 


X  NOTE-.  GROUND  WATER  LEVEL  ELEviTIONS  FOR  l962  AND  1990  WERE  OETERMINEO 

BY  IHE  SU*»EHPOSlIIONING  OF  ImE  MASTER  INFLUENCE  FUNCTIONS  WMICm 
WERE  DEVELOPED  BV  IHE  MATHEMATICAL  MODEL  OF  THE  GROUND  WflTE" 
BASINS  OF  THE  COASTAL  PLAIN  OF  LOS  ANGELES  COONtv 
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CENEflALlZeOUNE  OF  COUAL  CHANCE  IN  GROUND 

.XpO WATER  ELEVATION  IN  fEEI  BETWEEN  1962  AND 

<9dO  tOASHEO  «HEftE  INf  ERREO) 
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NOTE:  GROUND  WATER  LEVEL  CLCVATiOHS  FOH  i962  AND  (990  WERE  Of  TERMtNEO 
8r  THE  SuPERPOStTtONiNG  OF  Tut  MASTER  INFLUENCE  f  UNC  t  iONS  WhiCm 
WERE  OCvElOPEO  6v  ThE  MATHEUATiCAL  MOOCl  Of  The  GROUND  WATER 
BASINS  OF  TmC  COASTAL  PtAIN  OF  lOS  AH&ElCS  COuNTt 
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GENEfiflLlZED  LINE  Of  EQUAL  CMttNGE  IN  GROUND 

--f-20 "flTcn  ELEvariON  in  feet  between  ige;  ano 

'990  (OISmEO  WMEBE  rNFEftBEOI 


NOre:  GROUND  WATER  LEVEL  ELEVATIONS  FOB  1962  ANO  1990  WERE  OETEHMiNEO 
BY  THE  SUPEHPOSlTIONING  Of  THE  MASTER  INFLUENCE  FUNCTIONS  Which 
WERE  DEVELOPED  8T  TM£  MATHEMATICAL  MODEL  OF  THE  GROONO  WAT£B 
BASINS  OF  THE  COASTAL  PLAIN  Of  LOS  ANCElES  COUNIV 
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